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AVERAGE DAILY AIR MASS 
By Rost. E. Kannepy 


{U. S. Bureau of Reclamation, Denver, Colo., October 1940] 


Studies involving the computation of solar heat avail- 
able throughout the day require the use of the average 
daily air mass, or average length of the path in the atmos- 
phere through which the sun’s rays must pass as the sun 
travels across the sky. The air mass ranges from unity 
at the zenith to about 27 times the zenith value at sunrise 
or sunset. 

Figure 1 provides a means of ascertaining the average 
air mass at any place on the earth for any day of the year. 
This figure is the north half of the chart; it is applicabie 
to the Southern Hemisphere by changing signs. It is 
believed to be accurate within 2 percent for air masses up 
to 4.0; from there the accuracy shades off to about 5 per- 
cent in those parts of the polar region where the change 
with respect to latitude is rapid as the air mass value 
approaches 27.0. This limiting line marks accurately 

e edge of the polar night. 

The computation of the chart involves the use of the 
well-known formula for parallactic angle 


Cos Z=sin ¢ sin 6+ cos ¢ cos 6 cos t (1) 


in which Z=zenith angle of sun, ¢=latitude, 5=declina- 
tion and t=hour angle. e declination of the sun 
changes so slowly from day to day that it may be assumed 
constant for any one day without appreciable error. 
Then equation (1) reads Cos Z=a+6 cos ¢ in which a and 
b are constants. When the zenith angle is 60 degrees or 
less, an adequate approximation to the air mass is sec Z; 
values for 60° to 89° have been ae in the Smith- 
sonian Meteorological Tables, table 100, page 226, fifth 
edition, 1931. In the latter range, refraction enters in 
an increasing amount. 

One method of computing the average daily value is to 
assume the air mass thickness to be equal to the secant 


of the zenith distance at all times. Then f rhc 


provides a means of computing the area under the secant 
curve. Dividing the area by its base width, the total 
hour angle, ¢, from noon to sunset for the particular 
latitude and declination, gives an average secant height 
for the curve which is approximately the average daily 
air mass. This method is correct; but the assumption 
yields results too large by 12 percent at the Equator, 
and 16 percent at latitude 60°, for declination 23°27’. 


The introduction of refraction, however, produces a — 


curve which is not readily integrable; so resort was made 
to a graphical method of obtaining the area: 

The zenith angle was computed for a number of hour 
angles, and the corresponding air mass taken from table 


284790—41——1 


100 above referred to. Ten or fifteen points were usually 
sufficient to adequately define the pattern of the air mass 
curve, which was of course similar to the secant curve. 
The area was obtained by adding the ordinates, usually 
by single degrees except for the first 30° to 50° where 
the curve was comparatively flat and a 5° unit was used. 
Dividing the area by the base width gives the average 
air mass for that particular day and locality. To avoid 
duplicating this laborious process for every day of the 
year and every latitude, advantage was taken of the slow 
daily change of declination. Five or six days a year for 
12 latitudes were found sufficient to define the pattern 
of the curves on figure 1. 

These data, as assembled in table 1, were first plotted 
on two preliminary sets of large-scale curves. one 
the air mass was plotted against declination, and on the 
other it was plotted against latitude. Points taken from 
these curves were required to fall in smooth lines on fig- 
ure 1. Only occasional and small adjustments on the 
preliminary curves were necessary for this requirement, 
and the uniformity of their pattern was not impaired. 
This encouraged confidence in the accuracy of the 
computations. 


TABLE 1.— Average daily air mass 


Declination 
Latitude South North 

—23°27’ | —20° | —15°| —10°| —5° 0 5° 10° | 15° | 20° | 23°27 
26. 06) 15.28) 10.90) 
...---} 26.96] 14.50) 9.76) 7.80) 7.54) 4.96)..... 2. 66 
26, 06)...... 9.86) 7.40) 6.36) 5.81) 6.14)..... 3. 25 
&. 26.96) 14. 6.25; 5.38)..._. 4.84)... 4.62 
26.96)... 6.45)... 4. 39 4.99 
33°27" 2.80). 2.82 


In application, this air mass factor is used in Beer’s Law. 
Let J, equal the solar intensity at the exterior of the 
atmosphere, and J the intensity at the bottom of the at- 


mosphere, both taken normal to the sun’s rays; then 
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is the ratio of atmospheric depletion, and Beer’s Law in 
modified form is 


(2) 


where a is the coefficient of atmosphere transmission, and 
m, the air mass, is the exponent. 
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The factor 7 has been plotted against air mass, m, by 


Kimball for several stations in figure 1 of his paper, ‘‘At- 
mospheric transmission coefficients at various altitudes,” 
page 2, Monraty Weatuer Review, January 1935. 

he discussion is continued by Hand in the December 
1937 issue; Hand’s figure 15, page 427, gives graphically 
values of a in equation 2 for air masses from 1 to 5. 


AEROLOGY IN THE HURRICANE WARNING SERVICE 
By Gorpon E, Dunn 


[Weather Bureau, Jacksonville, Fla., February 1939.]* 


The great improvement in the scope and accuracy of 
the advisories and warnings of tropical storms issued by 
the United States Weather Bureau has been recognized 
quite generally, especially by the public on the South 

tlantic and Gulf coasts. However, business interests 
and the general public in this area, encouraged by the 
constantly increasing of the Bureau’s hurricane 
warning service, demand still further refinements which, at 
present, are difficult and often impossible to meet. Most 
of the senior forecasters will remember when occasionally, 
because of insufficient land and especially marine observa- 
tions, hurricanes became “‘lost’’ for several days at a time 
until finally an isolated ship report or a Mexican coastal 
station would locate the storm many hundreds of miles 
from the forecaster’s projected position. Although the 
hurricane winds would not often exceed 75 miles in width, 
in the first two decades of this century hurricane warnings 
would fly occasionally along many hundred miles of coast- 
line before the storm eventually reached the coast. 

The present highly efficient ' collection of ships’ observa- 
tions in the Gulf of Mexico, Carribbean Sea and South 
Atlantic? Ocean at 7 and 1 a. m. and p. m. E. S. T., and 
the system of direct calls to ships for special observations 
cumag storm conditions should be largely credited to the 
late E. B. Calvert, formerly Chief of the Forecast Division 
of the United States Weather Bureau. The ship oo ange 
system now in effect was discussed by Calvert before the 
1935 meeting of the American Geophysical Union (1). 
With the increase in the frequency of observations and 
the number of vessels included in the system, together 
with the Coast Guard and Bureau of Lighthouses, the 
Weather Bureau can accurately locate, most of the time, 
the position of the storm and its direction and rate of 
movement, 

However, there are other more complex forecasting 
problems brought about by the notoriously erratic behav- 
ior of tropical storms. They may slow to almost a com- 
plete standstill for a day or so, may make several turns in 
their paths, and may even make a complete loop. Some 
of these erratic movements are sonore pure freaks, 
such as in the case of the November 1935 storm, but 
most of them occur at the time a storm leaves the deep 
easterly current on the southern periplery of the great 
Azores anticyclone and commences its northward journey 
through the changeable upper-air currents over and to the 
east of the southeastern United States. When these 
latter currents are light, the storm will move very slowly, 
and when they are changeable the movement of the dis- 
turbance likely will be erratic. 


*The author. now located at the Weather Bureau office in Ch 
paper, with the assistance of Warren O. Johnson of the Jackson 


1 Since the beginning of the war, there necessaril has been consideradle decrease in 
the number of ship reports, becatse foreign as well as United States ships had been 
ic ng. 
The term “South Atlantic” as used in this paper applies to the south portion of the 
North Atlantic Ocean, or, more specifically, that portion south of latitude 35° N. 


Til., bas revised this 
office, to November 


Mitchell (2) states, “All tropical storms in the Northern 
Hemisphere apparently seek to move northward at 
the first favorable opportunity * * *. Any tropical 
storm will recurve into a trough of relatively low pressure 
that may exist when the tropical storm arrives in the 
sameregion * * *. Nostorm will break through and 
recurve until it reaches a region where south or southwest 
winds prevail and relatively low pressure to the north- 
ward is shown on the weather map.” 

Mitchell (3) has also discussed the influences of anti- 
cyclones on the direction of movement of tropical tee 
and Bowie (4) has given several examples. itchell’s 
conclusions seem, in the main, to be substantiated by the 
greatly increased observational material of today. Sub- 
normal pressure along and immediately off the Atlantic 
coast is usually indicative that the normal or at least 
frequent easterly current aloft in the Florida-Bahamas 
region has been replaced by a south to west current. 
However, pressure conditions in front of an advancing 
hurricane are often flat and indefinite, and often decep- 
tive as regards conditions aloft, consequently a more true 
and dependable picture of upper air conditions in the 
entire hurricane region is necessary before any real fore- 
casting of changes in rate and direction of movement of 
these storms can be attempted. 

This article is intended to present the status of aerology 
in the hurricane warning service at the present time. 
Upper-air information is obtained from observed cloud 
types and directions, pilot-balloon ascensions, airplane 
and radiosonde observations. 

Cloud observations are the one source of upper-air 
information which has shown a deterioration during the 
ae 20 years. At the present time, exclusive of regular 

eather Bureau stations within the United States, only 
two stations, San Juan, Puerto Rico, and Swan Island in 
the western Caribbean, include cloud data in their regular 
surface observations. This unfortunate situation has 
come about through economies which have forced the 
elimination of precipitation as well as cloud data and 
through the use of an abbreviated figure code which does 
not include precipitation, cloud data, or the 3-hourly 
barometric chetane and characteristics. All forecasters 
engaged in hurricane warning work have considered clouds, 
especially the cirrus types, important and helpful. The 
Cuban Jesuit meteorologists, from Vifies to the present 
time, who have contributed considerably to our knowledge 
of these storms, have emphasized the importance of clouds 
in the theoretical and practical treatment of hurricanes. 
The Rev. Father Eulogio Vazquez, S. J., Belen College, 
has recently reached further interesting conclusions (as 
yet unpublished) encore the relation of a 
currents to the movement 0 re storms which deserve 
consideration and trial by other meteorologists. The 
inclusion of cloud data in all possible land surface reports 


Rat 
Bak 

4 

N 

al 

0, 
1 


304 MONTHLY WEATHER REVIEW 


should receive the early attention of the United States 
Weather Bureau. Cloud data contained in cooperative 
ship reports are considered to be of too doubtful accuracy 
at present to be utilized. 

Meteorology does not yet know the complete answer 
to the problem of hurricane origin and 
Many students of this subject are attempting to apply 
air-mass analysis to tropical meteorology, and there has 
been an increasing number of efforts in the past few years 
to apply some system of frontal analysis to regions trans- 
versed by tropical storms and to the tropical disturbances 
themselves. Some of these attempts have seemed quite 
promising. Edna Scofield (5, has recently summarized 
these ee regarding fronts in the Tropics, and has 
listed nearly everything published on this subject. Natu- 
rally, there are numerous conflicting theories and opinions, 
with, up to the present time, insufficient free air-data in 
the Tropics to prove or disprove most of them. Why do 
some wave disturbances in the Tropics never develop and 
others reach hurricane intensity? course, this question 
is, as yet, inadequately answered even in extra-tropical 
regions, and the answer to this and related problems seems 
locked in the upper air, but airplane or radiosonde obser- 
vations should provide the meteorological world with the 
key. Free-air data have been obtained through airplane 
ascensions by the Navy at Pensacola, Fla., Coco Solo in 
the Canal Zone, and at St. Thomas in the Virgin Islands. 
The last two were temporarily discontined in 1940. St. 
Thomas is by far the best located for most study purposes, 
as Pensacola is too far north and Coco Solo too near the 
Equator. The United States Weather Bureau on two 
occasions maintained an airplane or radiosonde station at 
Miami, Fla., which is better situated for study than either 
Coco Solo or Pensacola, but it, unfortunately, has also 
been discontinued. The Navy, for several years, made 
et = ascents at Guantanamo Bay, Cuba, which is very 
well located, but no longer does so The resumption of 
airplane or radiosonde observations 4t Miami and Guan- 
tanamo Bay would be valuable for purposes of research 
and study, and the establishment of several more observa- 
tional points of like character is most desirable. [The 
Weather Bureau has now established a radiosonde station 
at Swan Island in the extreme western Caribbean.] A 
cursory examination of the St. Thomas airplane observa- 
tions for only a short period will reveal frequent important 
changes in the amount of moisture present in the inter- 
mediate levels, and that the easterly current in this region 
is not one homogeneous air mass. In any possible future 
application in the Tropics of frontal analysis for general 
use in forecasting, there are indications that upper-air 
data may be fully as necessary here as in more northerly 
latitudes. 

The Weather Bureau, in cooperation with the Massa- 
chusetts Institute of Technology, for the past 3 years has 
carried on a program providing for the release of sounding 
balloons during the passage of hurricanes over certain local- 
ities. However, the hurricanes have been rather unco- 
operative and no storm during this period has passed 
over Cuba where M. I. T. has maintained personnel and 
no hurricane has passed directly over any station in the 
United States where the Weather Bureau has maintained 
the necessary equipment. It is hoped that this project 
will be continued until soundings are finally obtained 
within a well-developed hurricane, as it is expected that 
the data so obtained will add materially to our knowledge 
of the structure of these storms. 

However, it is in the extension of pilot-balloon stations 
that the greatest progress has been made during the past 


NovemBeEr 1940 


few years. Beyond the borders of the United States, the 
main source of this information is through the cooperation 
of the Pan American Airways. Most of these reports 
are received through the P. A. A. office in Miami, Fla., 
and placed on the hurricane teletype there, but some 
P. A. A. Mexican observations are placed on the teletype 
at Brownsville, Tex. Twice-daily balloon observations 
are fb asa on Upper-Air Map A from the following 
regular airport stations of the United States Weather 
Bureau on the South Atlantic and Gulf coasts: Charles- 
ton, S. C.; Jacksonville, Tallahassee, Maimi, Key West, 
Tampa, Fla; Mobile, Ala.; New Orleans and Lake 
Charles, La.; and Houston and Brownsville, Tex. The 
inset maps on Upper-Air Map A do not extend south of 
Key West, Fla., and Brownsville, Tex.; therefore pilot- 
balloons runs from stations south of the United States are 
entered on this map in tabular form. Pilot-balloon 
observations are received twice daily from the United 
States Weather Bureau stations at San Juan, Puerto 
Rico, and Swan Island in the western Caribbean; also 
once or twice daily from the naval air stations at Pensa- 
cola, Fla.; Guantanamo Bay, Cuba; and Coco Solo, 
Canal Zone. 

P. A. A. pilot-balloon runs are received as follows: 
Havana, Cienfuegos, and Antilla, Cuba, and Kingston, 
Jamaica, about one observation a day; San Julian, Cuba; 
St. Johns, Castries or Fort de France, and Port au Spain, 
in the Windward Islands; Macoris, in the Dominican 
Republic, and Merida, Mexico, each about 20 observa- 
tions per month; Tampico and Vera Cruz or Tejeria, 
Mexico, and Managua, Nicaragua, about 15 observations 
per month. David, Panama, and Tacubaya, Hermosillo, 

apachula, Mexico City, and Mazatlan, Mexico, and 
La Guaira, Venezuela, Barranquillo, Colombo, and 
Georgetown, British Guiana, are received only occasion- 
ally. The locations of these stations are shown in figure 1. 
While it will be noted that some of these stations are not 
received regularly, P. A. A. is most cooperative and usually 
can furnish several special observations daily from any of 
their stations when a disturbance is in progress. ost 
P. A. A. observations are taken in the forenoon and usually 
the number received, except on Sundays, is sufficient to 
furnish a fair picture of the general upper-air situation. 

The increased information concerning upper-air cur- 
rents now available daily throughout the hurricane season 
is another of meteorology’s debts to aviation. It is hoped 
that with transoceanic flying regular pilot-balloon ascen- 
sions may be made in the not too distant future from a 
few selected ships located at strategic points. Mean- 
while, pilot-balloon stations at St. Georges,’ Bermuda; 
Nassau, Bahamas; and on one or more of the outlying 
Bahama Islands would give the forecaster additional 
invaluable upper-air information. 

The southeast Florida coast, probably one of the most 
vulnerable sections of the Atlantic and Gulf coasts within 
the Jacksonville forecast district, and at the same time 
containing one of the most insistent civic groups upon the 
question of very precise warnings, presents at times, 
because of the tendency of tropical storms to recurve in 
this latitude, certain difficult problems in forecasting. 
Any consequential further progress in more accurately 
forecasting recurvatures, in this area at least, can result 
only through additional pilot-balloon stations as indicated 
in the preceding paragraph to supplement those now 
available from the Antilles and Florida. 

No upper-air map has yet been printed embracing the 
area covered by the hurricane warning service. During 


* Received through courtesy of Pan American Airways from May 1938 to August 1939. 
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the 4 years since this service was established, the West 
Indian, Caribbean and Mexican reports have been tabu- 
lated in no particular order on the Upper-Air Map A 
used at Jacksonville, Washington, — other forecast 
centers. This method, obviously, gives a very unsatis- 
factory visual presentation of the airflow pattern over 
the area as a whole. As a makeshift, at Jacksonville, a 
more suitable map has been mim phed. This map 
covers an area bounded on the north by latitude 30°, on 
the south by latitude 6°, and on the east and west by 
longitudes 60° and 100°. A number of these maps ma 

be pasted side by side when several levels are me @ 
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mimeographed maps and pasted side by side. Thus, if 
sufficient reports are available, the forecaster has before 
him the general airflow pattern in which the tropical 
storm may be moving. 

In the following presentation particular instances of 
hurricane forecasting wherein aerological data proved 
useful are discussed with the aid of figures showing the 
upper winds at the 10,000-foot level. The September 
1937 series in the Atlantic is quite simple, while the last 
two examples are somewhat more complex. 

September 3, 1937, a. m., figure 2.—The 10,000-foot level 
chart on this date presents an approximation of normal 
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FiGuRE 1.—Sources of pilot-balloon and airplane or radiosonde observations used in the Hurricane Warning Service. 


i normal weather the tabulated data on Upper- 
Air Map A are inspected for possible abnormalities in 
wind velocities and directions. When conditions become 
unsettled, a 10,000-foot level map is prepared and the 
airflow pattern determined. The 10,000-foot level has 
been selected because that level is usually reached by a 
number of ascents sufficient to indicate with some measure 
of completeness the high level air currents. However 
it has become apparent that at times air currents at still 
higher levels more closely approximate the direction and 
rate of movement of certain storms. In addition, the 
storms usually follow a path somewhat to the right of 
that indicated by the airflow pattern. When a well- 
developed tropical storm is in progress, levels at 2,000- 
foot intervals up to 14,000 feet are prepared on the 


upper-air conditions at this height for this time of year. 
ash-marthoast to east-southeast winds of 10 to 15 miles 
per hour prevail from near longitude 90° to east of longi- 
tude 60°, with a tendency to southeast and south winds 
west of 90°. Surface weather conditions on this date 
over the Caribbean Sea and the Gulf of Mexico also are 
about normal. 

September 10, 1987, a. m., figure 8.—The 10,000-foot 
level chart of this date shows a strong anticyclonic circu- 
lation over the Gulf of Mexico, Florida, and Cuba, 
extending at least as far eastward as longitude 75°. 
This anticyclonic circulation has eae nrg during the 
past 24 hours and fresh north-northwest winds now 
obtain over the entire Florida Peninsula. This north- 
northwest current is indicative of a low pressure trough 
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at the 10,000-foot level some distance to the eastward, 


with an attendant southerly counter-current, which 


would permit a northerly recurve of any storm approach- 
ing from the east. At 7:30 a. m. this date a hurricane * 
was located in approximately latitude 21° N. and on 

e 


tude 57° W. The first advisory on this storm from t 


Jacksonville district forecast center was issued at 3 p. m. 
this date, and in the amplification of this advisory to the 
press the forecaster, on the basis of the upper-air situation 
plus the general pressure distribution, indicated that the 
storm offered very little threat to the South Atlantic 
coast. The next advisory at 9:30 p. m. this same day 


1940 


a second hurricane was central some 900 to 1,000 miles east 
of Antigua, Leeward Islands, moving only slightly north 
of west. An examination of the air currents at the 10,000- 
foot level this date shows a complete break-down of the 
normal easterly winds over practically the entire area. 
The only easterly wind encountered is south of latitude 
10° at Coco Solo, C. Z. Consequently it is obvious that 
only an immediate, complete, and radical reversal of the 
upper-air winds  wiptraens on this date would permit a 
continuance of the general westerly movement of this 
second hurricane. Thus, 2 days before the hurricane 
reached the eastern limits of the weather map the fore- 
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FicvurE 2.—Upper-air wind directions and velocities at the morning observation on September 3, 1927. 


contained the forecast, based largely on upper air informa- 


tion, as no ship reports close to the storm area had been 
received since morning, that the hurricane would move 
north or northeastward during the next few days and 
would pass to the east of Bermuda. This forecast was 
substantially verified. Subnormal surface pressure in the 
region of Bermuda was also indicative of a general 
northerly movement of this storm. 

September 12, 1937, a. m., figure 4.—On this morning’s 
weather chart the hurricane mentioned in the last para- 
graph was approaching the junction of latitude 30° N. 
and longitude 60° W., moving north-northwestward, while 

¢ This storm was classified as definitely not of hurricane intensity in the psis of 
tropical disturbances of 1937, Mon. WEATH. REv., December 1937. 65; p. 446. owever, 
the 8. S. Winamac, while the ship apparently was some distance from the center, reported 
force 11 (64-75 miles) in an observation radioed to the Jacksonville office. In the writer’s 


opinion the storm was very likely of hurricane intensity for at least 24 hours and should 
be classified at least of “‘doubtful” if not of full hurricane intensity. 


caster was able to formulate an opinion, with considerable 
confidence, that this storm would make an early recurve. 

September 13, 1937, a. m.—Upper-air map not repro- 
duced. The 10,000-foot level showed a strong anti- 
cyclonic circulation over Mexico and the western Gulf 
with the axis of the equatorial (southerly) current extend- 
ing from the Gulf of Honduras to Florida. The Lesser 
Antilles was under the influence of the hurricane circula- 
tion with light (3 to 8 m. p. h.) northeast to north winds 
prevailing as far west as Juan. On the entire ma 
there was no evidence of any real easterly current whic 
would carry the wetwerd: advancing hurricane past 
longitude 60°. 

September 14, 1937, a. m., figure 5.—The hurricane 
reached its most westward position on this date, where- 
upon it began a sharp recurve to the east-northeastward. 
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This direction of movement continued through the 15th, 
while on the 16th the storm began a north-northeastward 
movement which lasted for several days and brought it 
into the far northern latitudes. The 10,000-foot upper 
air chart on the 14th shows that the anticyclonic circula- 
tion continues over the northwestern Gulf, the equatorial 
break-through persists from Florida southwestward to the 
Yucatan Peninsula, and that the hurricane circulation is 
in evidence over the Lesser Antilles. The winds over 
Jamaica and eastern Cuba are extremely light. The 
center of the hurricane at 7 p. m. this date was at latitude 
19° N. and longitude 58°-59° W., nearly on the eastern 
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The third hurricane of the month began a recurve to 
the northwest on the 20th, probably in a southeasterly 
current aloft. At this time the storm was 1,000 miles 
east of the Windward Islands and the current in which it 
moved was too far east to influence the upper air over 
the Lesser Antilles. Apparently the weakness, or more 
or less complete disintegration, of the normal easterly 
current aloft in the lower latitudes, which had permitted 
early recurves of the two earlier hurricanes was now 
situated farther to the east. It is thought that the 
weakening and strengthening of easterly winds aloft over 
the South Atlantic is associated with the intensity and 
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FicurE 3.—Upper-air wind directions and velocities at the morning observation on September 19, 1937. 


border of figure 5. Accepting the 12-mile northeast wind 
at San Juan as part of the hurricane circulation, one again 
finds no evidence of a real easterly current aloft west of 
the hurricane center, and consequently the storm is not 
subjected to further propulsion toward the west. Duri 

this period pressure was flat and somewhat below ea 
from the Atlantic coast eastward beyond the field of 
observation. A surface low pressure trough, with an 
attendant weak cold front through its center, extended 
from a point about midway between Cape Hatteras and 
Bermuda southwestward to the Florida Straits. Thus 
the early and sharp recurve of this hurricane 1,000 miles 
east of the cold front was not due to the barrier of any 
surface anticyclone, nor to the approach of a surface low 
pressure trough, but apparently solely to the wind 


currents aloft prevailing at the time. 


location of the so-called Azores-Bermuda semipermanent 
anticyclonic cell. Azores pressures, unfortunately, are 
not available at the Jacksonville office for study in this 
connection. 

The minor tropical disturbance of September 16-21, 
1937, is most interesting and deserves a more intensive 
study from several standpoints, especially its frontal 
structure. This storm was a hybrid type, not uncommon 
in the Gulf of Mexico during September and October, with 
extra-tropical as well as tropical characteristics. Dis- 
cussion in this paper, however, will be confined to the 
aerological situation in regard to this storm on the morning 
of September 18, 1937. 

The first advisory on this disturbance was issued at 
10 a. m. on the 17th, but some evidence of a circulation 
had existed for the preceding 24 hours. During the 
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16~17th, this storm was located in the southwestern and 
west-central Gulf, an area relatively unfrequented by 
weather-reporting vessels. On the morning of the 18th, 
the forecaster found himself in a rather puzzling situa- 
tion. Ship reports were confined to the periphery of 
the disturbance, and as the deadline for the advisory 
approached the storm’s intensity and position had to be 
obtained by deductions from these peripheral reports. 
It is also only fair to add that most of the balloon runs 
outside of the United States were not received until after 
the advisory was issued. An anticyclone was pe 
eastward over the Appalachian and Atlantic States an 
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Cuba and western Florida, with east-northeast winds 
24-27 miles per hour prevailing at New Orleans, La., 
and Houston, Tex. Since the storm has moved very 
slowly during the past 36 hours, it is evident that the 
tropical storm is not entirely within either the south- 
westerly current over the southeast Gulf or in the east- 
northeast current on the Louisiana and Texas coasts, but 
more probably the two opposite currents are two forces 
operating upon the storm and that the southwesterly 
current is the stronger. Although the velocities reported 
by the several stations in each air stream are about the 
same, it will be noted that velocities tend to increase as 
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Ficure 4.—Upper-air wind directions and velocities at the morning observation on September 12, 1937. 


the 24-hour pressure fall on the Gulf coast was confined 
to the area between Brownsville, Tex., and the Mis- 


_ sissippi coast. The forecaster finally concluded that the 


tropical disturbance was showing a slight westward or 
west-northwestward tendency and storm warnings were 
extended west of Galveston to Corpus Christi, Tex. 

An examination of the upper-air situation at the 10,000- 
foot level (fig. 6) on the morning of September 18, 1937, 
discloses an anticyclonic circulation extending from Cuba 
and surrounding area eastward to Puerto Rico, with a 
current of southerly component probable over or a short 
distance east of the Leeward Islands. Over the Gulf of 
Mexico a deep trough or quasicyclonic circulation pre- 
vails with south and southwest winds from 22-28 miles 
per hour over the Yucatan Peninsula, extreme western 


the storm area is approached, and it is probable that 
balloon ascents an equal distance southeast of the storm 
center would show higher velocities than are reported at 
New Orleans and Houston. Furthermore, high cloud 
observations of the Gulf coast show that southwest and 
west winds are overrunning the east-northeast current 
prevailing at 10,000 feet, or rather on the west Gulf coast 
it is the somewhat cooler east-northeast current under- 
running the tropical southwest current aloft. Cirrus, 
cirrostratus, and altostratus from the southwest are re- 
bce at Corpus Christi, Galveston, and Port Arthur, 

ex., and Lake Charles, La. In fact, no high clouds 
from any other direction are reported on the Texas coast. 
At New Orleans, 6/10 altostratus from the east are 
reported, but as rain was falling it seems probable that 


-§ 
i 
i 
0 
{ 
| 
\ 
' 0 

i 

Barranquilla 
La Guaira Port, of Spain 
: 

of 
| 100 90 80 


NovemBer 1940 


some lower stratotype cloud other than altostratus pre- 
vailed. Pensacola, Fla., and Thomasville, Ga., report 
10/10 altostratus from the west. 

This is a more complex case than any of the previous 
situations, but whether the east-northeast upper-air 
current on the northwest Gulf coast is an oneal force 
operating on the storm or merely part of the storm circu- 
lation, the integration of all upper-air factors present 
would seem to indicate a northeastward movement. 
During the next few days the storm moved northeastward 
to a point slightly above the mouth of the Mississippi 
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hurricane should recurve as it approaches this equatorial 
“break-through” some distance east of the Florida coast. 
Figure 8 shows the upper air situation at the 10,000-foot 
level on the morning of the 18th. The wind at Macoris, 
Dominican Republic, having backed slightly and in- 
creased, is now being influenced by the hurricane The 
winds over southern Florida and western Cuba still have 
a southerly component, but are backing and decreasing. 
Over the United States at 10,000 feet above sea level, anti- 
cyclonic conditions prevail over the western two-thirds of 

e country, and at 7 a. m. the southerly limit of the 


River and thence eastward near the Gulf coast at a rate anticyclonic northerly current is a short distance north 
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Ficure 5.—Upper-air wind directions and velocities at the morning observation on September 14, 1937. 


of about 6 to 8 miles per hour, and did not at any time 
reach full hurricane intensity. 

The last example of the possible use of upper-air infor- 
mation deals with the severe hurricane of September 17-22, 
1938. Figures 7-10 show the 10,000-foot upper-air charts 
on the mornings of September 17 to 20, from the time the 
storm was approaching the Bahamas until it began to 
recurve. The chart (fig. 7) on the morning of September 
17 shows an circulation from Antilla, Cuba, 
easuward, except that the hurricane circulation has — 
to affect the Leeward and Windward Islands and probably 
Puerto Rico. This anticyclonic easterly current is the 
current in which the hurricane is moving. The equatorial 
“break-through” covers western Cuba and all of Florida, 
and the aerological situation as a whole indicates that the 
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of Houston, Tex. From the Appalachians eastward a 

southwest tropical air current prevails. The general 

upper air situation still indicates a recurve east of the 
orida coast, 

The 10,000-foot chart (fig. 9) on the morning of 0 
tember 19 shows the hurricane circulation extremely well. 
Winds over western Cuba and extreme southern Florida 
have backed to northeast and north. As these winds are 
light and are apparently continuing to back towards the 
north, one must conclude that they are not an extension of 
the easterly current in which the hurricane has been 
traveling, but merely a part of the hurricane circulation. 
From central Florida northward over the Atlantic States 


the moist tropical south-southwest air current continues. 
The anticyclonic circulation noted the day before over the 
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Ficure 6.—Upper-air wind directions and velocities at the morning observation on September 18, 1937, 
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FIGURE 7.—Upper-air wind directions and velocities at the morning observation on September 17, 1938. 
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FicurE 8.—Upper-air wind directions and velocities at the morning observation on September 18, 1938. 
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Figure 9.—Upper-air wind directions and velocities at the morning observation on September 19, 1938. 
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Fiaure 10.—Upper-air wind directions and velocities at the morning observation on September 20, 1938. 
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western United States has advanced east and south of 
New Orleans, La. The general aerological situation again 
indicates a recurve east of the Florida coast. 

By the morning of September 20 the hurricane’s re- 
curving process from a west-northwest direction to north 
has almost been completed. The 10,000-foot chart shows 
conditions are returning to normal over the Windward 
Islands, while the hurricane circulation has pulled the 
norther! anticylconic circulation rapidly southeastward 
during the past 24 hours over the entire eastern Gulf of 
Mexico, completely wiping out the equatorial salient 
yy there the day before, — near Jacksonville, 

la. Along the Atlantic coast north of Jacksonville, the 
— current remains to a great depth, Charleston, 
S. C., reporting altoculmulus and Cape Hatteras, N. C., 

n this paper no complete or rigorous analyses of the 
various upper-air charts have been attempted, nor have all 
the forces influencing the storms’ directions of movement 
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been enumerated. Rather, the purpose has been to point 
out the extent of the aerological information now available 
in the Tropics or semi-tropics south and east of the 
United States, and some of the possibilities of the use of 
pilot-balloon and other upper-air data in the hurricane 
warning service and the great need of a more compre- 


hensive airplane or radio-meteorograph program in this 

region. 

(1) Calvert, E. B. The Hurricane Warning Service and its 
Reorganization. National Research Council, Reports and 
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(4) Bowie, E. H. Formations and Movement of West Indian 
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A DEW-POINT RECORDER FOR MEASURING ATMOSPHERIC MOISTURE 


By C. W. and J. C. 
[U. 8. Soil Conservation Service, Washington, September 5, 1940] 


For many P eons an urgent need for measurements of 
evaporation from land surfaces (fields and watersheds) 
as well as from water surfaces has been felt by agronomists, 
hydrologists, and climatologists: Attempts at correlat- 
ing observations from various types of evaporation pans 
and atmometers with the evaporation from natural sur- 
faces have been made. Many empirical formulae have 
been derived for determining evaporation from water 
surfaces. 

Not until recent researches in aerodynamics revealed 
the nature of turbulent interchange in the levels of the 
atmosphere near the ground was it ible to devise a 
method for measuring evaporation from both land and 
water surfaces. The method depends on the measure- 
ment of atmospheric moisture at two levels near the 
evaporating surface and the intensity of turbulent mixing 
between them. It has been described in detail in a num- 
ber of recent publications.! * * § 

The method required an accurate means of measuring 
the concentration of moisture in the atmosphere. For 
that reason all of the familiar devices for measuring humid- 
ity have been tested and evaluated and some new ones 
developed ; a detailed report on hygrometry of the atmos- 

here is in preparation and will be published elsewhere. 

t is the purpose of this note to describe a new dew-point 
recorder which may be adapted to the needs of other 
workers in meteorology and allied fields. 

The simplest and one of the earliest methods of measur- 
ing the concentration of moisture in the atmosphere is to 
determine the dew point. Air is cooled until its moisture 
reaches the point of saturation; the temperature is then 
observed silk the vapor pressure is obtained by referring 
to appropriate hygrometric tables. This method depends 
on the fact that the pressure of water vapor does not 
change as the air is cooled but remains the same until 
saturation is reached. The temperature at which the 
air becomes saturated is called the dew point. 

! Thornthwaite, C. W. 21: 17-28, illus., 1940. 
Thornwaite, ©. W., and Holzman, Benjamin. U. S. Monthly Weather Res. 67: 
‘ Thornthwaite, G, W., and Holzman, Benjamin. Natl. Res. Council, Amer. Geophys. 


Union Trans., Ann. Meeting 21: 510-511, 1940. 
5 Thornthwaite, OC. W., and Holzman, Benjamin. U,. S. Dept. Agr. Yearlouk 1941, 


All types of apparatus for determining the dew point 
possess a surface—usually a polished metal mirror exposed 
to the air so that condensed moisture can be detected— 
that can be cooled several d below air temperature 
and whose temperature can be observed. The exposed 
surface is cooled slowly until condensation appears, at 
which time its temperature is observed. This tempera- 
ture is the dew point. 

The most familiar dew-point hygrometer is a modifica- 
tion by Alluard of an apparatus designed nearly a century 
ago by Regnault. It consists of a small rec ar metal 
box whose surface is silver plated and polished. The 
box contains ether which is vaporized and cooled as air is 
forced thro it. The surface of the box is similarly 
cooled and the temperature at which dew is observed to 
appear and disappear upon it is determined from a sensi- 
tive thermometer suspended in the ether. 

The principle of the dew-point hygrometer has been 
used in the design of an instrument, illustrated in figure 1 
which will give a continuous record of the dew point of 
the atmosphere.® 

The essential element of the instrument is a polished 
metal mirror whose temperature can be controlled at the 
dew point and recorded. A thin, polished, chrome-plated, 
copper disk (10) approximately the diameter of a dime is 

ed to the end of a copter rod (11) which is inserted 
through a stopper (12) of low heat conductivity into a 
conventional thermos bottle (14) which contains a cooling 
medium such as water-ice with salt, or dry ice with or 
without alcohol. Heat is conducted downward along the 
¢A number of instruments for use in determining the moisture concentration of flue 
industrial uses and are hot suitable for making meteorological observations. Following 
are a few selected references: 


Frank, A. K. Gen. Elect. Rev, 41; 435-437, illus., 1938. 
Hixson, Arthur W., and White, G. Edwin. Zndus. and Engin. Chem. Analyt. 


enry Fraser. IU. Engin. Expt. Sta. Cir. 20: 5-22, illus., 1929. 
- Gen. Elect. Rev. 41: 106-108, 1938. 
Winkler, C. A. Canad. Jour. Res. Sect. D, Zool. Sci. 17: 35-38, illus., 1939. 
alcolm Claire Weyant. Device for determining the condition of 
egas. (U.S. Patent No. 1,883,116.) October 18, 1932. 
Robert F., and Hawt Wendell P. Apparatus for determining 


it of . Patent No. 2,106,598.) January 25, 1938. 
method and apparatus. (U. 8. Patent 


Fiuid-conditioaing 


No. 1,789,268.) J y 13, 1931 

fo. 1,789,268.) January 

Johnson, James Yate. Timprovements fo measuring the humidity of gases or 
0. 


Griffiths, 
apparatus. 


and Campbell, N Robert. ter 
orman 
Patent No. $30,772.) June 19, 1930. 
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copper rod and the mirror is cooled. Embedded into the 
end of the rod directly beneath the mirror is a small elec- 
trical heating element (16) which counteracts the flow of 
heat from the mirror when the circuit is closed. Light 
from an incandescent bulb (17) is reflected from the sur- 
face of the mirror to a photoelectric cell (18). The electric 
current generated by the photoelectric cell operates a sensi- 
tive relay which in turn energizes a power relay (19), 
whereby a switch (20) is opened against the action of a 
spring (21), preventing the operation of the heating ele- 
ment (16) beneath the mirror. 

Heat from the mirror is conducted along the rod until 
moisture from the surrounding atmosphere condenses on 
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varying only slightly above and below as it is alternately 
heated and cooled. The temperature is determined by 
means of a thermocouple, the cold junction of which is a 
part of the mirror and the warm junction maintained at a 
standard temperature. Any standard electrical recorder 
may be used to obtain a record of the dew point. i 
For use in the dew-point instrument a photographic 
recorder has certain points of superiority over one which 
operates electrically. The thermocouple is connected 
ugh a galvanometer. A light beam, reflected by the 
galvanometer mirror, is directed through a slot onto sen- 
sitized photographic paper which revolves on a drum or 
cylinder. A switch in the light circuit is attached to the 


Recorder 


FicureE 1.—Schematic representation of dew-point recorder. 


its reflecting surface. This condensation lowers the 
reflecting efficiency of the mirror and the light aapenerse 
the photoelectric cell is reduced and the current generate 
is no longer sufficient to energize the relay (19). Con- 
meyer? the switch (20) is closed by the spring (21), 
and the heating element warms the mirror to a point 
where the condensation formed on its surface is evaporated. 
The reflecting efficiency of the mirror is thereby restored, 
the photoelectric cell is again excited and the switch 
opened by the power relay. The heating element then 
stops functioning, permitting heat from the mirror 
to flow along the rod and the entire cycle of operation 
is repeated. 

A mere film of moisture on the mirror, invisible to the 
eye, is sufficient to reduce the output of the photoelectric 
cell by 10 microamperes, which is the range within which 
a sensitive relay will operate. Consequently, the tem- 
perature of the mirror remains very close to the dew point, 


power relay (19) so that the light flashes momentarily 
ust as the incipient condensation appears on the mirror. 

us, the record is a series of points all at the dew point 
rather than a continuous, wavy line ranging above and 
below the dew point. Since a complete cycle requires 
only about 50 seconds the series of points approximate a 
continuous line. 

In figure 2, the record of depression of the dew sia 
below atmospheric temperature for a period of 14 hours 
on June 19-20, 1940, is compared with a record of relative 
humidity for the same period produced by a hair hygro- 
graph. The general pattern of both curves is the same but 
the much greater sensitivity and greater degree of refine- 
ment of the dew-point record is apparent. 

The instrument described above employs mechanical 
relays for ——. and closing the circuit to the heater 
that is beneath the mirror. It is, of course, entirely 
feasible to use an electrical circuit in which radio tubes 
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replace mechanical relays. In fact, by means of radio 
cabae it should be possible to build a circuit such that the 
current to the heater varies inversely as the reflective 
quality of the mirror. Then as moisture begins to appear 
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on the mirror the heat applied to it will increase and the 
temperature of the mirror will be maintained continuously 
at the dew point, or at a level that bears a constant 
relation to it. 


NOTES AND REVIEWS 


W. J. Humpureys. Physics of the Air. 3d edition. New York 
(McGraw-Hill Book Co.), 1940. 676 pp., 226 figs 


In the revision of this standard treatise, care has been 
taken not to alter the character or scope of the book. It 
remains a complete treatment of all types of physical 

henomena in the atmosphere—thermodynamic, dynam- 
ic, electrical, acoustic, and optical—discussed from the 
physical point of view and, so far as possible, on an exact 
mathematical basis, but easily understandable by any 
reader who is familiar with elementary calculus and general 
physics; it is in general limited to the physical explanations 
of the phenomena, including but little descriptive meteor- 
ology and only occasional and incidental references to the 
working procedures of practical and applied meteorolo 
or forecasting. The purpose of the book is to provide the 
reader with the sound foundation of scientific under- 
standing of atmospheric phenomena in general that 
everyone engaged in any type of either practical or the- 


oretical meteorological work should have; and although, 
since the appearance of the first edition, several other 
books on physical and dynamical meteorology have been 
published, there still is no other one treatise of like char- 
acter and equally comprehensive scope in any language. 

In this new edition, the type has been entirely reset, so 
that no restrictions were imposed on the character of the 
revisions. Deletions, modifications and additions oc- 
casioned by the advances in meteorological knowledge 
during the past 12 years have been freely introduced in 
large numbers throughout the work; but no extensive 
rewriting was necessary. One of the most striking changes 
from the preceding edition is the section on conditions in 
the very high atmosphere, pp. 75-78. Many of the former 
illustrations have been replaced by new ones based on 
later data. The revisions have increased the size of the 
book by about 20 pages. 


METEOROLOGICAL AND CLIMATOLOGICAL DATA FOR NOVEMBER 1940 


[Climate and Crop Weather Division, J. B. Kincer in charge] 


AEROLOGICAL OBSERVATIONS 
By Earu C, 


The mean surface temperatures were below normal over 
most of the country during November (chart I), with mean 
temperature from 8° to 10° F. lower than normal in the 
northern portion of the Rocky Mountain Plateau region. 
Temperatures were slightly above normal for the month in 
most of the extreme eastern portion of the country, as 
well as along the Gulf coast and along the Pacific coast 
southward from central Oregon. 

At the 1,500 m. level the directions of the resultant 
winds at most stations were south of normal for the month. 
The opposite turning occurred over the New England 
States, the Great Lakes and over theCentral Appalachian 
region as well as over a small area in the west central part 
of the country. As will be noted from chart IX none of 
the pilot-balloon stations located along the Pacific coast, 
in the North Central States, or in the northeastern part 
of the United States had 10 or more 5 a. m. balloon ob- 
servations which reached the level of 3,000 m. Except 
at Atlanta, Ga., the direction of the resultant winds were 
south of the normal direction at the 3,000 m. level for all 
stations for which this comparison was made. At 5,000 
meters the direction of the 5 p. m. resultant wind was 
slightly north of the een 5 a. m. normal for the 
month at Billings, Mont., while the direction of the 5 p. m. 
resultant wind at Omaha, Nebr., agreed with the morning 
normal for the month. At no other stations in the 
northern half of the country did 10 or more 5 p. m. 
balloon observations reach 5,000 meters during the month 
(see chart X). In the southern half of the country the 
directions of the 5 p. m. resultant winds were north of the 
corresponding 5 a. m. normals along the Pacific coast and 
were south of these normals to the eastward. 

The 5 a. m. resultant velocities at 1,500 meters were 
lower than normal for the month, except that small posi- 
tive departures occurred in the extreme northwest and in 


a narrow strip in the east central and south central parts 
of the country. At the 3,000 m. level 5 a. m. resultant 
velocities were below normal over the northern half of the 
Rocky Mountain Plateau and were above normal to the 
east and south of this area. As noted above, the 5 a. m. 
resultants at 3,000 meters were not available this month 
for a considerable part of the country. Resultant ve- 
locities observed at 5 p. m. were above the corresponding 
5 a. m. normals for the month at 5,000 meters at all sta- 
tions for which such data were computed. The afternoon 
resultant velocities at this level were generally much 
higher than the a. m. normals, the largest positive depar- 
ture, 14.7 m. p. s., being observed at St. Louis, Mo. 

The agreement between the mean surface temperature 
and the shift in the direction of the resultant from normal 
that had been apparent for several past months was not 
in evidence in November at any of the three lower levels, 
1,500 meters, 3,000 meters, or 5,000 meters. 

At the 1,500 m. level the directions of the 5 p. m. result- 
ant winds were north of the direction of the corresponding 
5 a. m. winds over the southeast and the Gulf coast, were 
south of the morning winds over the northeast and north 
central regions and showed no well defined tendency over 
the rest of the country. As noted before, a number of 
pilot-balloon stations did not have 5 a. m. resultants com- 
— this month for the 3,000 m. level. Data available, 

owever, would indicate a tendency of the direction of 
the resultant wind to shift to the southward during the 
day at this level over the central and west central parts of 
the country with no well-defined tendency over bar 
areas, 

The 5 p. m. resultant velocities for the month were 
higher than the corresponding 5 a. m. velocities at 1,500 
meters along the Pacific coast and the northern half of 
the Atlantic coast and were lower than the morning veloci- 
ties over most of the remainder of the country. At 3,000 


meters the increases and decreases in resultant velocity 
from 5 a. m. to 5 p. m. were well distributed. 
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The upper-air data discussed above are based on 5 a. m. 
observations (charts VIIT and IX) as well as on observa- 
tions made at 5 p. m. (table °, end charts X and XJ). 

The Righast mean monthiy pressure recorded at the 
1,500 m. level by the raob and apob reporting stations 
of the United States was 856 a remieeea over both 
Pensacola, Fla. and Miami, Fla. At 2,000 and 2,500 
meters the maximum mean pressure for the month was 
reported over Miami, Fle., while at 3,000 meters a maxi- 
mum mean monthly pressure of 714 mb. was reported 
over both Brownsville, Tex., and Miami, Fla. At each 
of the standard levels from 4,000 meters to and including 
16,000 meters the maximum mean monthly pressure was 
reported over Miami, Fla. At 17,000 and 18,000 meters 
maximum mean pressures for the month of 91 mb. and 
77 mb., respectively, were reported over both Brownsville 
and Miami while the corresponding maximum, 64 mb., 
was recorded over Miami at 19,000 meters. 

At each of the standard levels from 1,500 meters up to, 
and including, 16,000 meters the lowest mean pressure 
for the month was recorded over Sault Ste. Marie, Mich. 
The corresponding low pressure for the 17,000 m. level, 
84 mb., was recorded over both Great Falls and Sault 


Ste. Marie. The minimum pressure at 18,000 meters was 
recorded over Great Falls while the corresponding mini- 
mum for 19,000 meters was again over Sault Ste. Marie. 


Except at Sault Ste. Marie and at Joliet the mean 
pressures at 500 meters and 1,000 meters (m. s. |.) were 
the same or higher in November than in October over the 
United States. At 1,500 meters and higher levels mean 

ressures were generally lower than in the previous month. 
ere were but few exceptions to this at any level and in 
no case was the mean pressure more than 1 mb. higher 
than in October. Mean pressures were considerably 
lower than last month at the higher levels, especially over the 
north central part of the country, for example at Bismarck 
the decrease in pressure from last month was an average 
of 11 mb. for the seven levels from 5,000 to 11,000 meters. 

For the entire United States there was a difference of 31 
mb. between the highest and lowest mean monthly pressure 
at each of the three levels, 7,000, 8,000, and 9,000 meters. 
The steepest pressure gradients for the month were 
recorded at the 7,000 m. level. At this level the isobars 
were quite evenly spaced and indicated a steep pressure 
gradient from north to south over any part of the extreme 
eastern states, for example, there was a difference of 25 
mb. between the mean pressure at Sault Ste. Marie (401 
mb.) and that at Charleston (426 mb.) or a change in 
pressure of 1 mb. for each 40 miles of horizontal distance. 

Mean temperatures were generally lower this month 
than in October at the surface and at all levels up to and 
including 7,000 meters. The only exceptions to this fall 
in temperature were recorded at some of the higher of 
these levels at Charleston and at Pensacola. At all six 
levels from 8,000 meters up to and including 13,000 meters 
temperatures were also lower than last month at most 
stations while at the next six 1,000 meter levels tempera- 
tures were higher than last month almost without exce 
tion from the Rocky Mountain Plateau eastward to the 
Mississippi and were lower at these levels over the rest of 
the country. 

Mean monthly temperatures for November this year 
were lower than the corresponding November tempera- 


tures last year at all levels above the surface and up to 
5,000 meters over the western part of the United States 
and over the northern half of the Central States including 
most of the Great Lakes region. were 
generally higher than last year at these 

rest of the country. 
the country was warmer 


evels over the 
At higher levels the eastern half of 
an last year at levels from 
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7,000 meters to about 12,000 meters and then cooler than 
last year up to 17,000 meters. Corresponding tempera- 
ture tendencies at levels above 5,000 meters were not well 
defined over the western part of the country. 

The mean surface temperature for the month of Novem- 
ber as reported by raob stations (table 1) was below freez- 
ing over the northern Great Lakes, the extreme north 
central states and over most of the Rocky Mountain and 
Plateau region north of about 38° N. latitude. This 
mean value is computed from surface temperatures at the 
time raob observations are made and will approximate 
the mean of the daily minimum temperatures in this area. 
Over the rest of the United States the altitude at which 
a mean temperature of 0° C .was observed during Novem- 
ber varied from 4,400 meters over Brownsville, Tex., to 
1,000 meters (m. s. 1.) over Joliet, Ill. The level of mean 
freezing temperature was 3,000 m. or higher during 
November over all of the country south of 35° N. latitude. 
Except along the south Atlantic and Gulf coasts mean 
freezing temperatures occurred at much lower levels than 
in October, at Joliet for example, the altitude of mean 
freezing temperatures in November was 2,100 meters lower 
than in October. 

The extreme minimum temperature for the month re- 
corded by radiosondes in the free air over the United States 
was —84.2° C. (—119.6° F.) observed over Miami, Fla. 
on November 30 at a height of 16,400 meters. A mini- 
mum temperature of —80° C. or lower was recorded at 
three other stations in the extreme southern part of the 
United States during the month while three northeastern 
stations reported extreme minimum temperatures for the 
month higher than —70° C. 

Table 3 shows the maximum free-air wind velocities and 
their directions for various sections of the United States 
during November as determined by re observa- 
tions. The extreme maximum wind velocity reported for 
the month was 98.4 meters per second (220 miles per hour) 
observed over Winnemucca, Nev., on November 22. 
This high wind was blowing from the north at an elevation 
of 11,120 meters (about 7 miles) above sea level. Another 
wind of unusually high velocity (97.8 m.p.s.) was reported 
on November 26 as blowing from the West at an elevation 
of 12,014 meters over Greensboro, N. C. The highest 
wind velocity previously reported in November during the 
last four years was a wind of 90.0 m.p.s. from the WSW at 
about 12,000 meters over Winslow, Ariz., on November 
14, 1938. At levels below 5,000 m. the maximum wind 
velocities observed during November for the past 4 years 
have been considerably lower than the extreme wind 
velocities at higher levels. The maximum wind velocity 
for November in this period was 55.8 m.p.s. for the free-air 
layer from the surface to 2,500 meters and 69.1 m.p.s. in 
the middle levels from 2,500 to 5,000 meters. 4 Rae 

Tropopause data for November showing the mean 
altitude and temperature of the ap 8 at various 
stations are shown in table 4 and on chart XIII. 


MEAN ISENTROPIC CHART ! 


The mean isentropic chart for November suggests no 
a correlations with the weather of the month. 
This is in part due to the wide variance in circulation 
patterns during the month, with slow-moving systems and 
extensive north and south movements of warm moist and 
cold dry air, respectively, near the middle of the month and 
rapid west to east movement near the end of the month. 

he change from the previous month reflects the normal 
seasonal trend toward more active westerlies farther to 
the south with less opportunity for persistent vortices to 
develop over the continental United States. 
1 Prepared by A. K. Showalter, Hydrometeorological Section. 
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Taste 1.—Mean free-air barometric pressure in millibars, temperature in degrees Centigrade, and relative humidities in percent, obtained by 
airplanes and radiosondes during November 1940—Continued 
Station with elevations in Station with elevations in Station with’elevations in 
meters above sea level meters above sea level meters above sea level 
D.C.1 Washington, D. C.1 Washington, D. C.! 
m.) (7 m.) (7 m. 
Altitude (meters) m. s. 1. 3 2 Altitude (meters) m. s. 1. 3 2 Altitude (meters) m. s. 1. 3 & 
1,021} 6.1) 79 27| 704) 55 
961; 5. 73 27| 6191 52 
29} 904) 3. 71 27| 544|—13. 53 
69 476|—20.3} 56 
0.4) 66 415] —27. 61 
29] —1. 61 
LATE REPORT 
Stations and elevations Stations and elevations Stations and elevations 
in meters above sea level in meters above sea level in meters above sea level 
Juneau, Alaska Juneau, Alaska Juneau, Alaska 
(49 m.) (49 m.) (49 m.) 
Altitude (meters) M. 8. L. | Altitude (meters) M. S. L. | Altitude (meters) M. L. 
3 38 gl 3 
25 7.3] 85 15| 605|—15.7} 71 7| 216|—57. 7}-.-.-- 
946) 80 13} 72 184/—56. 
1.9) 84 12} 461|—29.1| 68 6| 157|—54. 
24| 835) —1.3| 84 9| 400|—36. 6} 134|—53. 
22} 784) —4.2) 85 8| 344|—44. 6| 114]—83. 7|----.- 
21| 736) -6.8| 82 7| 295|—50. 5| 
19 77 7 253] —55.0 


Norte.—All observations taken at 12:30 a. m. 75th meridian time, except at Washington, 
D. C., and Lakehurst, N. J., where they are taken near § a. m., E. 8. T., at Norfolk, Va., 
where they are taken at about 6 a. m., and at Pearl Harbor, T. H., shortly after sunrise. 

None of the means included in this table are based on less than 15 surface or 5 standard 


level observations. 


missi' 


for 
deity Phaervalions when the temperature is below —40° C. 


1U. 8. Navy. 


Number of observations refers to pressure only, as temperature and humidity data are 
some observations at certain levels; also, the humidity data are not used in 


TABLE 2.—Free-air resultant winds based on balloon observations made near 5 p.m. (75th meridian time) during November 1940. Direc- 
tions given in degrees from North (N=360°, E=90°, S=180°, W=270°)—Velocities in meters per second 
Abilene, {A uerque| Atlanta, Billings, | Bismarck Boise Browns- Buffalo Burling- Charles- Chicago, Cincin- Denver, 
Tex. N. Mex. Ga. Mont. N. Dak.’ Idaho ville, Tex. N.Y. @ ton, Vt. ton, 8. C. ni. nati, Ohio Colo. 
(537 m.) (1,630 m.) | (299 m.) (1,095 m.) (512 m.) (870 m.) (7 m.) (220 m.) (132 m.) (18 m.) (192 m.) (157 m.) (1,627 m.) 
Surface__..- 2.3] 29] 246) 1.0) 24) 303] 1.6) 28) 2.7] 30) 316] 3.0) 28] 212] 25] 120) 28] 260] 4.8] 29] 218] 2.0) 27) 286] 0.5! 25) 264) 2.9) 26] 260) 2.8 27) 1.5 
24] 206] 95} 132] 3.1] 28] 257] 7.5] 29] 225] 5.2] 27] 280] 1.2] 25] 248] 5.1| 26) 250] 
26| 210) 24} 303] 29] 312] 5. 2} 28] 143] 0.5] 168| 2.3) 23) 250! 9. 5| 27] 252] 6.5) 26) 266| 2.8) 21/ 263] 24/ 
25| 234| 23] 288] 3.0] 28] 263] 5.1] 24] 305] 6.5] 28) 243] 1.2] 24) 214] 2.9] 16] 238/11. 0] 16] 264] 7.9] 25] 262) 3.4/ 20] 273] 21| 
2,000.....-.| 251] 6.2) 29} 186) 1.2] 23) 277] 5.6) 27| 278] 6.6| 19] 306] 24/ 249] 3.9] 223] 4.0] 11| 265/14. 12) 264) 9.8] 24! 270) 19] 269] 17| 267| 9.8) 30} 9] 1.2 
2,500. 23| 7.8] 29) 4.3] 22) 287] 7.9] 25] 283] 9.0) 19} 298/10. 6} 20) 270] 4.4] 18] 24] 274] 6.3] 19] 275)11. 4) 15| 275/11. 4| 29) 2.0 
23| 263) 9.0| 29| 273| 7.2) 18| 290| 9.1] 24| 289] 19) 208/11.8] 280] 4.1] 233] 22] 276| 9.2] 19] 278/13. 1] 15| 278|14.0) 281| 4.0 
4,000... --.-| 22| 267|11. 281/12. 2| 17| 273|13. 2] 22) 204]12.6| 15} 204/15.3] 14) 291/ 6.6] 14] 257| 19] 263/12. 6] 16] 283/16. 7| 12) 274|16.3| 26| 284| 8.7 
5,000. 21| 260]13.7] 22} 281/16. 1] 270/17. 5) 18} 301/15. 0) 13} 296/17. 1| 12| 320] 8.1] 13] 264] 17| 258/14. 6] 15) 23] 276/14.3 
27315. 6) 21| 281/19. 0| 15| 272|27.9| 15) 313/16. 7| 12} 292/19. 0} 10| 326] 9.4] 12] 279/16. 6] 13] 20) 281|18.8 
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TABLE 4.— Mean altitudes and temperatures of signi nts identi, as tropopauses during November 1940, classified according to the 
potential temperatures (10° intervals between Po pe ie A.) with which they are identified (based on radiosonde eee 


le 
a 12/188) & z 2 | 38 i 
290-299__.... 4] 6.6 |—442 1 2] 18.4 |—58.5 1] 14.4] —66.0 
14 7.6 |—45.1 5 | 14.5 |—60.2 1] 13.8] —53.0 
32U-329_ 15 | 10.5 |—58.3 3] 15.3 |—59.0 1] 16.0] —62.0 
330-339_ 7] 10.5 |—53.6 5} 120 | —68.0 || Weighted means. 10.2 |—53.1 }--.-.-- 10.6 | —57,1 
SY Mean potential temperature °A., 
360-369... ...-- 2] 13.0 2{ 14.4 | —68.0 || Number days with observations 27 22 


WEATHER ON THE NORTH ATLANTIC OCEAN 
By H. C. Hunter 


Atmospheric pressure-—The pressure during November 
1940 averaged higher than normal over nearly all portions 
of the North Atlantic well covered by available reports. 
This is in contrast to the conditions during the preceding 
2 months, when pressure below normal was the rule. 
The November departures were greatest over the south- 
eastern region, Lisbon, Portugal, averaging 5.3 millibars 
(0.16 inch) above the normal for the month. 

The extremes of pressure in the vessel reports available 
were 1,039.2 and 999.0 millibars (30.69 and 29.50 inches). 
The higher reading was noted on United States Coast 
Guard cutter Mendota, near 39%° N., 59° W., during the 
forenoon of the 12th. The low mark was recorded on the 
Honduran steamship Jriona, during the forenoon of the 
27th, when about 130 miles to south-southwestward of 
Nantucket. Table 1 shows that within 48 hours of the 
Iriona’s observation, readings somewhat lower were 
noted at the land stations at Nantucket and Halifax, 
and a reading decidedly lower at Belle Isle, Newfoundland. 
TABLE 1.— Averages, departures, and extremes of atmospheric pressure 


(sea at s stations for the North Atlantic Ocean and its 
shores, November 1940 


Depar- 

Average 

Station pressure ture from | Highest | Date| Lowest | Date 

Millibars | Millibars | Millibars Miliibars 
Lisbon, Portugal. _............- 1, 022.6 +5.3 1, 082 3 1, 006 16 
Horta, Agores.................. 1, 024.3 +4.0 1, 0382 22 1,014 20 
Belle Isle, 1, 008.3 1,038/ 12 29 
Halifax, Nova Scotia_..........- 1,016.8 2.6 1,038 ll 23 
1, 018.6 +10 1, 037 19 994 27 
1, 021.3 +1.7 1, 036 19 1, 006 27 
1,015.0 —0.6 1,018 | 110 1,008 6 
Key West_ -| 1,018.3 +17 1,024 17 1,013 7 
1, 021.3 +2.0 1, 034 15 1, 006 25 
1 Also several later dates. 


Norte.—All data based on available observations, 
available normals related to time of observation, except 
and New Orleans, which are 24-hour corrected means, 


Cyclones and gales.—For the time of year the weather 
was comparatively quiet over those North Atlantic 
regions that are well covered by reports at hand. The 
period from the 15th to 24th was particularly free from 
strong winds. 

A Low system extending far in a north-south direction 
moved eastward off the North American coast on the 2d 
and 3d, and on the morning of the 4th was located ap- 
proximately along the 58th meridian. The sole North 
Atlantic whole-gale report of the month was connected 
with this storm; it was made by the Coast Guard cutter 
Pontchartrain. 

During the final week of the month another cyclonic 
system greatly affected the weather on the ocean, and 
brought usually lower barometric readings than the 
system just mentioned, although no wind force exceeding 
9 (strong gale) is noted among the available reports. 
This Low system crossed the coast line on the 27th and 
28th, and traveled toward the northeast til! beyond the 
field of observation. 

Fog.—Remarkably few reports of fog have been re- 
ceived. However, it is worth noting that the first advices 
of Gulf of Mexico fog since spring came to hand; two 
occurrences over the north-central portion during the 
latter part of November have been reported. 

Over the main North Atlantic waters there was fog on 
three dates, all during the first half of the month, to south- 
eastward of New Jersey and Delaware, that is, in the 5° 
square, 35° to 40° N., 70° to 75° W. This is about the 
normal November amount of fog in the area. In the 
region adjacent to Cape Cod and western Nova Scotia, 
where — is encountered on 4 days in November, 
no reports whatever for the current November have 
arrived. 

Three fog reports have come, in addition to the five 
dates previously noted. One occurrence was to south- 


eastward of Nova Scotia on the 16th; the other two relate 
to fog on the 12th and 13th a short distance to southwest- 
ward of Portugal in the square, 35° to 40° N., 10° to 15° W. 
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OCEAN GALES AND STORMS, NOVEMBER 1940 
Vv Position at time of Direction | Direc- 
oyage lowest barometer and force of| tion of | Direction | gnitts of wind 
Vessel wind at wind |and highest near time of 
vem time of when force of lowest barometer 
To- Lati- ber lowest gale w 
tude barometer | ended 
NORTH ATLANTIC 
EAN Milli- 
bars 
Sebago, U. 8. C. G_...- On station Sao 40 18N. | 43 30 W. 1, 004.1 WNW, 7..| NNW..| SW, 9..... W-NNW. 
Tachira, Pan. 8. Barranquilla__.| New York.....| 35 48 N. | 74 00 W. 1, ....| SSE-NW. 
Pontehartrain, U.S.C. Ons 38 24N. | 59 30 W. L WSW, 9__| WNW. 10__.| WSW-NNW. 
West Irmo, Am. 8.8....| Freetown. ....- Philadelphia...| 36 20N. | 69 53 W. 1 WNW, 4..| WNW_| WSW,8__| SW-WNW. 
Tahoe, New Bedford. _| Station No. 2._.| 40 49N. | 46 02 W. SSW, 7....| SSE....| SSW-SSE. 
Sebago, U. 8. C. Station No. 2__| Norfolk_....... 39 48 N. | 54 00 W. 1 7 awe SSW, 9_..| NNW-S-NE. 
Exeambion, Am. 8. 8._| Bermuda.......| Lisbon..--...- 34 42N. | 49 42 W. NE, 8..... NE, NNE-ENE. 
William Boyce Thomp- Tuxpam....... Houston ...-... 22 18N. | 96.48 W. NNW, 8_- 
son, Am 
Labette, Am. 8. S.....- Norfolk........|-...- 1555N. | 86 38 W. 1 N,—...-.. 
Mendota, U. 8. 0. G... On station No. 38 43. N. | 59 00 W. NW, 8....| WSW-NW. 
Tahoe, U. 8. C. G....-. on station No. |.........--...... 38 24N. | 45 48 W. SW, 8.....| NW-...| SW, 8.....| S-NW. 
New York, Am. 8. 8._.| Port Arthur..... Portland, | 35 48N. | 73 48 W. NW, 2....| NW....| WNW, 8..| WNW-NW. 
Mendota, U. 8. C. G... On station No. |..........------- 38 40.N. | 58 35 W. SSW, 7....| NW_..| SW, 8.....| SSW-WNW. 
8. New York... Station No. 2...| 39 30N. | 56 48 W. SSW, 7....| SW....| SSE, 9__..| SSW-W. 
U. 8. G. Station No. 2...| New Bedford...| 38 54N. | 48 12 W. SW, &....| NW...-| SW, SSW-NW. 
NORTH PACIFIC 
OCEAN 
Wacosta, Am. 8. 8.....| Honolulu......} Balboa_........ 15 18N. | 107 18 W. NE, 10....| SSE....| NE, 10....| NE-SSE. 
Pan Kraft, Am. 8. 8... Santo Nino, P. | Honolulu...... | 145 26 E. ENE, SE.....| ENE, 9__. 
Collingsworth, Am. 8. | Tacoma........ Manila.........| 42 12N. | 152 48E Wsw, 8__| NW....| WSW, 10. 
Chickasaw City, Am. | Singapore....--. Honolulu-.-..-- 13 30N. | 14400E ENE, 12..| SSW-_..| ENE, 12._| NE-SE. 
Schoharie, Am. 8, S....- Bintang, D.E. do..........| 11 57N. | 142 42E SW, 8..... SE... SSW, 10_.| W-SSW. 
Denali, Am. 8. 8.......| Ketchikan.....| Seattle......... 150 48N. | 127 12 W 
Aurora, Am. 8. 8.......| Viadivostok...-| Los Angeles....| 47 25N. | 15200 W NE....| E-NE. 
Distri et, af Columbia, | Seattle......... San Francisco..| 40 26 N. | 124 34 W 8, 10......] SSE_.._| 8, 10......| 8-SSE. 
Me up No. 92 (re- | On station......|.........-.-....- 48 33 N. | 125 00 W. SE, 7.....- aEz....- SE, 9...... SE-SW. 

48 33 N. | 125 00 W 2985. 4 SE, SW....| SE, ESE-SW. 
Winkle Pan. M.8__..| Tokuyama----- 42 54 172 24 W. 1, 000. 0 WNW, WNW, 9.. 

. T. Dodd, Am. | San Francisco.| Nagaeva.....-- 50 00 N. | 163 54 W. 1, 006. 1 ESE, $__..| ESE-ENE. 
Asuka Maru Jap. 8_| San Francisco..| 46 33 N. | 152 37 W. 998. 9 ESE ESE_..| ESE, 8.._..| ESE-SSE. 
Collingsworth, Am.8.8.| Tacoma....... anila.__.....- 3106 N. | 134 42 009. 1 NNE, 8...| N_..... NNE, 

Am.8,.8-.....| Honolulu__....| Shanghai_....-- 29 36 N. | 142 00 E. 001.7 NNE, 
Deroche, Am. 8. 8......| Oleum, Calif...| Honolulu__.-.- 30 30 N. | 141 36 W. 005. 4 SSE, 8._..| WSW-.| SSE, 8._..| SSE-WsWw. 
Cleveland, | San 30 21 N. | 142 22 W. 004. 4 8-SW. 
Mauna Als, Am. 39 00 N. | 140 24 W. 000.7 WSW__| SE, 8.___.. SE-W-SSw. 
retic, U. 8. N...---_.. San 31 24 N. | 139 36 W. 008. 5 W5W, WSW-.| SSE, 9._..| SSE-WSW. 
.C. Dodd, Am. Nagaeva___..- 50 39 N. | 174 25 E. 973. 2 NW....| N, ESE-8-E. 
Otowasan Maru, San Luis....... 40 36 N. | 171 48 W. 006. 6 WNW, 8._.| W-WNW. 
Denali, Am. 8, 8....... Seward_........ Icy Strait. ....- 59 10 N. | 145 52 W. SE, 8.___..| ESE-S. 
Li htship No. 92 (relief),| On 48 33 N. | 125 00 W. ENE, 8... 
Tuscaloosa City, Am. | Balboa......... Los Angeles....| 13 48 N. | 95 12 W. ENE, 9... 
Presid lent. Harrison, |....- do. 13 24.N. | 94 48 W. NNE, 9...| ENE..| NNE, 10..| NNW-NE. 
m. 5. 5. 
Bralanta, Nor. M. S_... 138 15 N. | 175 15 W SSW, 8....| SSW...| SW, 9..... sw ssw 
8. T. Dodd, Am. 5106 N. | 158 00 E. 
Mauna Kea, Am. 8__. 1518 N. | 93 12W. 
Liberty, U. 8. A. T__.. 155 39 N. | 143 10 W. 
Chirikof, U. 8. A. 59 18 N. | 145 00 W. 
— Maru, Jap. 44 36 N. | 148 30 W. 
Admiral Cole, Am. 8. 8. 38 05 N. | 170 41 W. 
Chirikof, U. 8. A 52 18 N. | 142 48 W. 
Lightship No. a ‘ons 48 33 N. | 125 00 W. 
Renpinek Am.8. “ah Portland, Oreg_| Los Angeles..._| 42 36 N. | 125 00 W. 
Admiral Cole, Am. 8.8_| Viadivostok....| San Francisco__|137 08 N. | 161 42 W. 
Been Maru, Jap. Yokohama..-.- Los Angeles....| 43 00 N. | 167 36 W. 
8.0. T. Dodd, Am. | Nagaeva_...... San Francisco..| 50 12 N. | 159 24 E. 
Crown City, Am. M.8_| Yokohama..._- 49 00 N. | 177 48 E. 
8.0; T. Dodd, Am. | Nagaeva......- San Francisco..| 45 54 N. | 177 48 E. 
Brunswick, Pan. M.8..| Yokohama.....| Los Angeles....| 35 25 N. | 174 21 E 


1 Position approximate. 
4 Barometer uncorrected 
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WEATHER ON THE NORTH PACIFIC OCEAN 
By E. Hurp 


Atmospheric pressure——In extreme northern waters of 
the North Pacific, pressure conditions showed a remark- 
able change from those in the precedir:; month. The 
Aleutian Low, which was centered as a deep depression 
over the Gulf of Alaska in October, reieated with much 
decrease in energy to the central and western part of the 
Bering Sea in November. At Kodiak and Juneau, where 
the average pressure had been 5 or 6 millibars (0.15 to 
0.19 inch) below the normal in October, it had risen to 7 
or 8 millibars (more than 0.20 inch) above the normal in 
November. High pressure for the month continued 
southward along the coast to the United States, and at 
Tatoosh Island it was 4 millibars (0.12 inch) above the 
November long-term average. 

Along the belt of high pressure, which extended from 
California across the ocean to China, the barometer, as 
indicated by San Francisco, Midway Island, and Titi- 
jima, was close to its November normal; but at Honolulu 
the average pressure was 3 millibars, or nearly a tenth of 
an inch, below the normal. So great a departure in an 
average is rare at this island station. 


TABLE 1.—Averages, departures, and extremes of atmospheric pressure 
at sea level, North Pacific Ocean, November 1940, at selected stations 


Average |, Depar- 
Millibars | Millibars | Millibars Millibars 
1,014.8 1, 034 24, 25 985 20 
Dutch Harbor.......... 1, 005. 1 +3.1 1, 026 21 967 13 
op Ae. 1, 002.6 +.6 1, 024 22 974 19 
Kodiak 1, 008. 3 pe 3 1, 029 21 981 15 
1,015.6 7.8 1, 029 ll 997 24 
Tatoosh Island__..._... 1, 019.0 +41 1, 032 25 986 7 
an ~ a 1, 019.6 +.6 1, 027 24 1,013 1 
1, 012.0 —.2 1,014 | 16, 18, 23 1, 009 6 
Honolulu. .............. 1, 013. 5 -3.1 1,019 2 1,007 20 
Midway Island_......- 1, 019.0 +.4 1, 027 15 1,010 8 
1,014 10, 14 956 3 
1,010.1 -.1 1,013 | 10, 11, 30 1,007 26 
1,017.7 1, 024 10 1,013 |7, 23, 24, 29 
icncntiiemnetnite 1, 016.2 10 1, 625 5 973 9 
Petropaviovsk!_____.... 1, 002.8 —23 1, 022 12 980 21 
1 For 21 days. 


Note.—Data based on 1 daily observation only, except those for Juneau, Tatoosh 
Island, San Francisco, and Honolulu, which are based on 2 observations. Departures 
sre computed from best available normals related to time of observations. 


Extratropical cyclones and gales.—A considerable amount 
of stormy weather occurred on the North Pacific this 
month, but, so far as ships’ reports indicate, there was a 
conspicuous absence of gales of hurricane or near hurricane 
force due to cyclones of middle and higher latitudes. 
On 7 days of the month force-10 gales were reported near 
or well north of the 40th parallel. The high velocities 
on 3 of these days, the 4th, 5th, and 24th, occurred off 
the coast of northern California and Oregon. One of the 
gales occurred on the 3d, near 42° N., 153° E., in the 
extreme southern quadrant of a deep cyclone central in 
the western Bering Sea, and the remaining 3, on the 13th, 
22d, and 23d, were encountered in much higher latitudes, 
near the Aleutians or on the lower Gulf of Alaska. 

As the average position of the Aleutian tow this 
month was in the Bering Sea, it may be inferred that the 
centers of a predominant number of the cyclonic dis- 
turbances inoved in upper latitudes, with some storms 
entering the Bering Sea from Kamchatka, and others 
from southwest of the Aleutians. Four of the cyclones 
were reported as attended by gale winds along the 
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western part of the northern trans-Pacific routes: one on 
the 3d, east of northern Japan; one over the Aleutians on 
the 13th; one near the northern Kuril Islands on the 
15th; and the fourth from near southern Kamchatka on 
the 25th to the waters south of the western Aleutians on 
the 27th and 28th. In the storms of the 13th and the 
25th to 28th, pressures fell to considerable depths. On 
the 13th, near 51° N., 175° E., the American steamer 
S. C. T. Dodd had a barometer of 973.2 millibars (28.74 
inches), with a north gale of force 10. Dutch Harbor on 
this date had the lowest known barometer reading of the 
month in northern waters, 967 millibars (28.56 inches). 
On the 28th and 29th the S. C. T. Dodd reported westerly 
gales of force 9, with lowest barometer, 972.2 millibars 
(28.71 inches), near 46° N., 178° E., on the 29th. 

Mention may be made of three cyclones of the extra- 
tropics that formed near midocean and pursued northerly 
courses. One appeared central on the 9th near 32° N. 
155° W. By the 11th it had entered the region traversed 
by ships along the Hawaiian-California routes, and on 

at date several vessels within the area of 28° to 40° N., 
138° to 145° W., encountered south to southeast gales 
of force 8 to 9, with moderately depressed barometers. 
On the 13th this cyclone amalgamated with another, 
eastbound, cyclone to the northward. 

On November 20 a depression appeared to the west- 
ward of the principal group of the Hawaiian Islands. It 
moved rapidly north-northeastward, gaining in intensity, 
and was central near 45° N., 150° W., on the 22d. Near 
the center on that date one vessel reported a south- 
westerly gale of force 8, with barometer fallen to 993.2 
millibars (29.33 inches). By the morning of the 23d the 
storm had advanced to a ney es west of the Queen 
Charlotte Islands, and on the following day had turned 
northwestward into the Gulf of Alaska. The cyclone 
was apparently at its stage of greatest ~¢ry during the 
night of the 22d-23d, when the U. S. A. T. Chirikof, 
southbound from Seward, ran into a northeasterly gale of 
force 10, lowest barometer 986.8 millibars (29.14 inches), 
near 52° N., 143° W. 

On the 22d to 25th scattered gales of force 8 to 9 were 
reported within the area 37° to 43° N., 165° to 172° W., 
caused by a cyclone that seems to have formed in the 
vicinity and to have had a very slow northeastward 
movement before its Cam ace on the 27th. On the 
25th, with a north gale of force 9, near 43° N., 168° W., 
the lowest barometer observed was 982.4 millibars (29.01 
inches), read on the Japanese M. S. Huzisan Maru. 

In American coastal waters, from northern California 
to Vancouver Island, stormy weather occurred on several 
days, but more particularly, along the greater extent of 
the coast, on the 4th and 5th, with gales of force 10 re- 
ported off California and Oregon and of force 9 off north- 
western Washington and Vancouver Island. Relief 
Lightship No. 92, at the entrance to the Strait of Juan de 
Fuca, experienced gales of force 8 to 10 on the 4th, 7th, 
13th, and 23d, while on the 24th the lower Oregon coast 
was swept by a southerly gale of force 10. 

Tropical cyclones.—Hereunder is a report by the Rev. 
Bernard F. Doucette, S. J., Weather Bureau, Manila, 
P. I., of a typhoon of the Far East from November 2 to 
10, which was of serious consequences to the island of 
Guam, and of a depression later in the month. The 
American 8. 8. Chickasaw City passed through the Guam 
typhoon, battling winds of force 11 to 12 from about 
8 a. m. of the 3d until about 6 a. m. of the 4th, lowest 
eo gs 961.7 millibars, 28.40 inches, at 6 p. m. of 

e 3d. 
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In the American Tropics, the American S. S. Wacosta 
ran into a cyclone of considerable intensity on the Ist and 
2d, while at some distance southwest of Manzanillo, 
Mexico. The vessel’s highest wind velocity was of force 
10 from the northeast, lowest barometer, 1,004.7 millibars 
(29.67 inches), in 15°18’ N., 107°18’ W., at 10 p. m. of the 
ist. Northeast to southeast gales of decreasing intensity 
continued until about 6. a. m. of the 2d. The cyclone, 
apparently blocked from northward movement by high 
pressure, took an unusual southwesterly course and 
appears to have persisted until the 3d, although no strong 
winds were reported after the 2d. 

Tehuantepecers.—In the Gulf of Tehuantepec, norther- 
type gales of force 7 were reported on the 4th and 5th, 
and of force 10 on the 15th, 16th, and 17th. 

Fog.—Isolated occurrences of fog were observed on the 
3d and 4th about midway along the San Francisco- 
Honolulu route; on the 8th and 9th south of the Aleutian 
Islands; and on the 9th to 11th near 45° N., 140° to 150° 
W. It was reported on 7 days off or near the California 
coast, and on 1 day off the middle coast of Lower 
California. 


TYPHOONS AND DEPRESSIONS OVER THE FAR EAST 


Bernarp F. Doucette, J. 
[Weather Bureau, Manila, P. I.] 


Typhoon, November 2-10, 1940.—The weather maps of 
November 2 had indications of a disturbance somewhere 
southeast of Guam. The fall in pressure shown on the 
afternoon map indicated clearly that this disturbance was 
of typhoon strength and the extra evening observations 
supplied by Mr. Lewis Stroup, stationed at the Com- 
mercial Pacific Cable office in Guam, showed that the 
storm was approaching the locality of the island. On 
November 3, the center passed close to and south of the 
island, moving in a northwesterly direction. It con- 
tinued along a course, either northwest or west-northwest 
to the regions near longitude 135° E., where it inclined 
to the north. November 6 and the two following days, 
the center recurved to the northeast. November 9, it was 
located very close to and southeast of the Bonins. A few 
ships’ reports of November 10, showed that the center 
was far to the east-northeast of the Bonins (Ogasawaras), 
moving east-northeast or northeast toward the date line. 

The typhoon center passed very close to and south of 
the office of the Commercial Pacific Cable Company in 
Guam. It is possible that the center aa over the 
island itself, but no reports that any of the villages on 
the island experienced the calm center have reached this 
office up to the time of writing this article. The minimum 
pressure occurred at 1.45 p. m. Guam time, and was 
716.69 mm. (955.5 mb.), gravity correction applied. 
The winds were east at the time, with a velocity estimated 
over 125m. p.h. For about 10 or 15 minutes, about the 
time of the minimum, according to Mr. Stroup, there was 
a lull in the wind, decreasing to about 80 m. p. h. (esti- 
mated). About 20 minutes before the minimum, the 
barometer was pumping, which continued until after the 
barometer reached its minimum. Mr. Stroup supplied 
the Observatory with many observations as the storm 
a eer and the series is given here, but in a brief form: 

ovember 2, at 8 p. m., Guam time, pressure 750.60 
mm. (1000.7 mb.) winds NNE, force 6; 10 p. m., 750.18 
mm. N winds, 30 m. p. h.; midnight, 748.68 mm., 


NNW winds, 30 m. p. h.; November 3, 4 a. m., 745.10 
mm., N winds, 48 m. p. h. squally; 5 a. m., 743.90 mm. 
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N winds, 42 m. p. h.; 6 a. m., 743.80 mm., N winds, 42 
m. p. h.; 7 a. m., 742.70 mm., NNE winds, 50 m. p. h.; 
8 a. m., 741.83 mm., NNE winds 60 m. p. h., raining 
hard last two hours; 9 a. m., 740.68 mm. (987.5 
mb.), NNE winds, 70 m. p, h.; 10 a. m., 737.28 mm. 
rs mb.), NNE winds, 80 a's h.; 11 a. m. 731.65 mm. 
975.5 mb.), NNE winds, 108 m. p. h.; anemometer 
ceased recording but cups can be seen revolving; noon, 
724.62 mm. (966.1 mb.), NNE winds estimated more 
than 125 m. p. h.; 12.15 p. m., winds definitely NE; 
approximately 1.15 p. m. wind has changed to E, ane- 
mometer mast is down; approximately 1.25 p. m. 716.86 
mm. (955.8 mb.) wind shifting ENE to E, terrific, barom- 
eter pumping; 1.45 p. m., minimum pressure 716.69 
mm. (955.5 mb.) (28.22 inches), wind terrific, then 
notably diminishing and becoming gusty; 2 p. m., 717.93 
mm. (957.1 mb.), E winds, hurricane force; 3 p. m., 
720.04 mm. (960.0 mb.) E to ESE, violent. After 3 
p. m. no more extra observations were requested. The 
anemometer cups, it may be added, had been in use on 
station since 1918. 

The loss of life was very small, considering the duration 
of these strong winds. m private sources, the writer 
learned that about five persons were missing after the 
storm, and it is supposed that they were drowned. Be- 
sides, two or three persons were killed when trees crashed 
down — their houses. The property loss was enor- 
mous. Very few buildings were left undamaged. The 

eatest damage occurred with the east quadrant winds 

uring the afternoon, after the center had passed. 

On November 9, when the center was not very far from 
the Bonins, pressure at that station (the mo obser- 
vation) was 729.5 mm. (972.6 mb.) with north-north- 
west winds force 5. At this time the storm center was 
moving east-northeast or northeast after recurvature. 

The upper winds over Guam before the typhoon arrived 
were from the east quadrant. October 29 and following 
days, gradually backing, day after day, to the northeast 
and finally, on November 2, morning ascent, becoming 
north and north-northeast. Velocities were seldom over 
30 k. p. h. before November 1, and never over 40 k. p. h. 
until after November 1, morning ascent. On the morning 
of November 2, the upper winds, as reported from the 
Navy station, were as follows—200 m., direction 10°, 
velocity 47 k. p. h.; 500 m., 10°, 49 k. p. h.; 1,000 m., 
20°, 50 k. p. h., 1,500 m., 20°, 42 k. p. h. 2,000 m., 30°, 
6 k. p. h. Balloon obscured. (Direction 360°, N—90° 
E, etc.) Very strong southeast quadrant winds were 
—— November 4 and 5 after the storm center had 
passed. 

Over the Philippines, at Zamboanga, there was a shift 
to the southwest quadrant, the velocities never reaching 30 
k. p. h., October 30 and 31. It seems as though there was 
a tendency to change to the southwest because of the 
distant forces which ceused the typhoon to form. Novem- 
ber 2 and the following days, Zamboanga again had east 
quadrant winds aloft, but changing to the southwest and 
northwest pata just when the typhoon center was 
recurving (November 5 and 6). Northeast and east 
quadrant winds prevailed over the other Philippine sta- 
tions. None of the other reports at hand seem to have 
any interesting aspects to be mentioned. However the 
data from Netherlands East Indies and the Straits 
Settlements (which cannot be received by radio at the 
Observatory) should show more points of interest. 

As this is written, November 20, it must be remarked 
that since late in September 1940, there has not been an 
typhoon close to the Philippines, excluding a small, 
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active center which formed over the China Sea and moved 
into the Continent during October. This is extraor- 
d for this time of the year. It is having its effect 
in a shortage of rain over various provinces of the Philip- 

ines, and the rice crop is not as plentiful as it might be. 

he typhoon activity continues to take place far to the 
east of the Avehilidlegn; continuing the October 1940 
conditions. 

ADDITIONAL REPORT 


Depression, November 25-380, 1940.—Pressure at Yap 
was rising and winds were veering toward the southeast 
during the afternoon of November 25, indicating the 
presence of a disturbance east of Mindanao. November 
26, there was a depression about 120 miles east-northeast 
of Catanduanes Island, moving northwesterly. The 
fall in pressure over Samar and southern Luzon gave the 
impression that the storm was intensifying, but evening 
observations showed that this process did not continue. 
The center moved toward the eastern part of the Balin- 
tang Channel, where it recurved to the northeast. Appar- 
ently the depression was of minor importance, and if it 
were violent, it was such only over a very small area. 

About four or five days previous to November 25, the 
east quadrant winds over Guam increased to values as 
high as 60 k. p. h. at a few levels, and in general showing a 
current flowing about 40 to 50 k. p. h. Over the Phil- 
ippines, winds from the northeast and east quadrants 
existed until November 25, but the velocities were never 
over 30k. p.h. A weak northeast quadrant current was 
flowing over Manila, Cebu, and Zamboanga November 
25, and backing to the north and northwest during the 
afternoon. November 26 and 27, weak winds from the 
west and southwest quadrants were reported over Zam- 
boanga and Cebu. Above 3,000 meters over Zamboanga 
there was an easterly current veering to the southeast, 
November 27. Manila’s upper winds backed from east 
to north-northwest during these days. On November 
28, all directions were from the northeast and east quad- 
rants. The velocities were never over 45 k. p. h. during 
these days. When the center was east of northern Luzon 
and about to recurve, Aparri reported northeast and 
north winds, with velocities about 50k. p. h. at various 
levels. It seems from available data that the air was 
attracted toward the center, an impression that might be 
changed when ascension reports from southern regions 
are received. 


FLOOD LOSSES AND SAVINGS FOR THE YEAR 1939 
Bennett SWENSON 


{Weather Bureau, Washington, January 1941] 


Estimated flood losses for the year 1939 and savings 
reported as the result of warnings are tabulated below. 
The total loss has been estimated at $13,833,806, with a 
saving of more than $2,000,000. A total of 83 lives were 


ost. 

The year 1939, except for one or two instances, was free 
from severe floods. e most severe single flood probably 
was the flash flood ir eastern Kentucky on July 4 and 5. 
In this flood, which occurred in the mountain streams in 
the upper Licking and Kentucky River basins, 78 lives 
were lost, and an estimated monetary loss of more than 
$1,700,000 was suffered in four counties. 
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Estimated flood losses and savings for 19389 


‘ 
River and drainage 5 3 
Grand River in Michi- $11,100} $11, 10)... 


Broad River, in South 

Congaree 
Catawba-Wateree 


Flint River. 


Upper Mississippi Bazin 


msin River... ...-. 


Missouri Basin 
Bie Muddy River__..... 


Mills 


Little Kanawha River__. 


Olentangy River-.......- 


Scioto River__._. 


Wabash River. -_.......- 


Cowskin and Big Slough 

Creeks in Kansas...... 
Ninnescah River... 
North Canadian River_. 
South Canadian River. 


BE SSSSSESES 


= 
| 
% 
ATLANTIC SLOPE 
hn and Che- 
Chemung River.........| 4,000 9,600; 2 
Susquehanna River.....| 43, 350 $500 900 44, 
Roanoke 340} 25,000) $37, 500) 3,000) 37,740) 103, 580)... 
100} 18,000) 22,500) 3,000) 4,740 48, 340)... 
Neuse River_...........| 2,500) 18,000) 30,500) 3,200) 14,740 68, 040)... 
Cape Fear River........ 500} 22,000) 23,500) 3,200) 5,740 54, 940)... 
Peedee River............| 16, 500)........| 55,000) 2,000} 8,000 $1, 500) ‘ 
Saluda River............| 3, 680 4, 080)... 
000) 1,000) 3, 800 15, 
Santee River_...........| 3, 500)........ Fn cas. 000 6, 000 
Savannah 500} ........}........| 750} 10,000 11, 250) .... 
tamaha River.........| 9, 500)........| 12,750) 5,800) 23, 150 51, 200)... Ni 
EAST GULF OF MEXICO s 
2,000; 1,500) 6,760 11, 260)....| 9,000 
Choctawhatchee River_.| 24,050} 510, 700 250; 700 500} 536,200)... 4, 100 
Coneeuh River..........} 31,950) 250,000) 50,000) 270) 3,300) 335,520)... 1, 850 
Alabama River_ |631, 000/1,108,000| 420,000)49,000) 6,500) 2,214,500)... | 71,000 
Black Warrior-Tombig- 
Pearl River............-| 9,770} 1,000) 7,900) 5,450) 12, 65¢ 36,770} 1) 47,500 
MISSISSIPPI SYSTEM 
Wisco! | 1,375|........ DO}......| 3,400 5,075) ....| 67, 500 = 
Des Moines River_......| 9, 350 790; 3,940 DO} 2, 220 16, 409) 15, 400 
Cairo, 43, 278 00} 14,875} 200) 1,650) 60, 500)....| 45, 700 
a 
50, 000} OOD). ....- 200, 000) ....}........ 
Solomon River..........| 42,750} 3,000) 31,200) 4,00)0 2,000 82, 950)....| 17,600 
Grand River in Missouri_| 55,000) 1,200)........| 900)....... 57, 100)|....) 20,000 - 
Missouri River..........| 36,250) 31, 525) 150, 850) 7,500) 17,200) 252,325)....| 127,100 
Ohio Basin 
Allegheny 80 500|....| 20,000 
Ft River_....| 23, 3, 000 36, 000)... 
| 21, 1, 000)....... 22, 800)..../........ 
Green River.............| 13,800} 1,000) 7, 700)..._..| 32,000 54, 500)....| 93,000 
White River in Indiana | 48, 075)_..... 150, 300} 1,000) 43,550) 242,925)....| 137,000 
3, 500) 341, 376/11, 800, 41,800) 572,126) 2) 292, 700 
105,700) 2, 500) 159, 100) 5, 600/155, 400) 428, 300)..._| 468, 000 
White-Arkansas Basin 
Black River.............| 1,600)........ Gh 
White River............ Di........| 6,600)......) 2,600 
14,800; 7,500) 22,950)......).....-.. 45, 250)....| 6,000 
Poteau River............| 5,000) 3,000 2,800)......| 1,500 
Petit Jean River........ 500 
Arkansas River.........| 2,000)........| 20,000/......| 2,000 5,000 
Red Basin 
Ouachita | 3,000/........' 2,000! 1,900! 15, 300 22, 200'___.! 104,000 
1 Figures not available. 1 Furnished by U. 8. Engineer Office. 
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Estimated flood losses and savings for 1989——-Continued 
River and drainage | 2 
§ g| 
& 3 3 ae 
Lower Mississippi Basin a 
St. Francis River.......- 1,205,000) 6,000) 51, 1, 323, 1 170, 525 
WEST GULF OF MEXICO " 
GULF OF CALIFORNIA 
Colorado Basin 


RIVER STAGES AND FLOODS 
By Bennett SwENSON 


Heavy rains and floods occurred in eastern Texas dur- 
ing November 1940. The floods were confined mainly to 
the Sulphur, Sabine, Neches, and Trinity Rivers and the 
lower portions of the Brazos, Colorado, and Guadalupe 
Rivers. The overflow was quite extensive but losses were 
minimized somewhat due to the fact that most of the 
crops had been harvested. 

or several days, November 22 to 26, low pressure per- 
sisted over southern Texas, with an extensive mass of 
dense, polar air to the north. This resulted in widespread 
precipitation from eastern Texas, northward to Kansas 
and southeastern Missouri. 

Some of the 24-hour amounts in Texas were as follows: 
In the Sulphur River drainage, Ringo Crossing, 2.50 
inches on the 23d and 0.62 on the 24th, Naples, 2.00 inches 
on the 23d and 1.67 on the 24th; in the Sabine Basin, 
Logansport, La., had 11.33 on the 23d and 4.67 on the 
24th; Rockland, in the Neches watershed, had 5.75 on the 
24th and 3.27 on the 25th; in the Trinity Basin, Trinidad, 
had 2.60 on the 23d and 2.58 on the 24th; and Long Lake, 
8.21 and 9.26, on the same dates; in the Brazos watershed, 
Valley Junction, had 4.95 and 3.19 on the 23d and 24th 
Washington, 9.60 and 2.68; and Hempstead, 16.00 and 
4.46, on the 24th and 25th; and in the Colorado Basin, 
Columbus, had 4.11 and 7.35 on the 24th and 25th. 

Generally over the country, the precipitation during the 
month was well above normal in much of the Great Basin 
in the West and east of the Rocky Mountains except the 
— Southeast. Accounts of the floods are given 

elow: 

Atlantic Slope Drainage.—Light to moderate floods 
occurred in the lower portions of the Roanoke, Neuse, and 
Cape Fear Rivers from the 15th to the 25th but no damage 
was reported. 

The stages in the Pee Dee River were high near the 
middle of the month, but did not reach flood stage at 
any point. 

A rise occurred in the Broad and Santee Rivers on the 
14th. Flood stage was reached at Blairs, S. C., on the 
14th and at Rimini, S. C., the stage in the Santee River 
was slightly above flood stage on the 16-17th. 

Red River Basin.—Heavy rains on the 22-24th in the 
watersheds of the Ouachita and the Little Missouri Rivers 
resulted in a flood stage in the Ouachita River at Arka- 
delphia, Ark., on the 24th. The crest stage was 18.2 
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feet, 1.2 foot, above flood ants on the same day. The 
loss in Ouachita County has been estimated at $1,000. 

West Gulf of Mexico inage.—Heavy rains were gen- 
eral from November 21 to 26 over the upper Red River 
watershed and caused all of the streams to rise rapidly. 
However, flooding occurred only in the Sulphur River. 
At Ringo Crossing, Tex., a stage of 26 feet was reached 
on the 26th and at Naples, Tex., a stage of 27.4 feet on 
the 29-30th. The losses from this flood have been esti- 
mated at $4,300. 

Precipitation was excessive over portions of the Sabine, 
Neches, Trinity, and Brazos Rivers, as discussed else- 
where in this report, and the resulting floods were moderate 
to heavy. As the stages were still above flood stage at 
the close of the month a further report will be made on 
these floods. 

In the lower watersheds of the Colorado and Guadalupe 
Rivers excessive rains caused floods from November 24 
to 29. Crest stages in the Colorado were 36.5 feet at 
Columbus, Tex., on the 25th and 35.3 feet at Wharton, 
Tex., on the 26th where the flood stages are 24 and 26 
feet, respectively. In the Guadalupe River a crest of 
28.5 feet (7.5 feet above flood stage) occurred at Victoria, 
Tex., on the 26th. Losses have been estimated at $82,000 
in the Colorado River and $7,500 in the Guadalupe River. 

Pacific Slope Drainage.—Light flooding on November 29 
in the Santiam River was confined to the bottom lands. 
No material damage was reported. 


FLOOD-STAGE REPORT FOR NOVEMBER 1940 


Crest 
Flood | * 
River and station stage 
From—| To— | Stage | Date 
ATLANTIC SLOPE DRAINAGE Feet Feet 
Va 10 15 15 10.3 15 
oKe: 
Weldon, N. C 31 15 18 34.8 16 
Williamston, 10 20 25 10.7 2 
Neuse, N. C_... 4 16 18} 15.2 17 
13 17 19 14.0 19 
Haw: Moncure, N. C_.-...._-..-.---.------ 20 15 15 20.5 15 
Cope Fear: Lock No. 2, Elizabethtown, 
Santee: Bimini, 16 17 12.4 17 
MISSISSIPPI SYSTEM 
Red Basin 
Ouachita: Arkadelphia, Ark 17 24 18.2 24 
er ll 14 23.0 1 
1 
Naples, Tex nae 22 27; @® 27.4 29-30 
WEST GULF OF MEXICO DRAINAGE 
Sabine: 25 24 35.9 27 
ae Rockland, 22 26 25.5 30 
y: 
Dallas, Tex_-. 28 25 28 32.4 26 
Trinidad, Tex 23 24 g 34.6 27 
Long Lake, Tex 40 25 46.0 2 
Riverside, Tex... 40 26 27} 40.1 27 
iberty, 23; @® 26.9} 29-30 
Waco, 27 26 27.2 26 
Valley Junction, Tex.......-........---- 44 25 27 47.4 26 
Washington, Tex 45 27 47.6 29 
Hempstead, Tex. 40 24 
Tex. 35 26 38.7 28 
Columbus, Tex oY 4 25| 36.5 25 
26 25 27; 35.3 26 
Guadalupe: 
Gonzales, Tex. 20 6 6 21.0 6 
24 24 20.4 24 
Victoria, Tex. 21 6 10 27.1 y 
26 29; 23.5 26 
PACIFIC SLOPE DRAINAGE 
Columbia Basin 
Santiam: Jefferson, Oreg 10 29 29 10.3 29 
1 Continued into following month. 
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CLIMATOLOGICAL DATA 
{For description of tables and charts, see Review, January, pp. 32 and 38} j 
CONDENSED CLIMATOLOGICAL SUMMARY OF TEMPERATURE AND PRECIPITATION BY SECTIONS 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with dates 
of i) Weed the stations reporting the greatest and least total precipitation; and other data as indicated by the 
sever. ings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the ae 
greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 


have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. 
Temperature Precipitation 
é Monthly extremes A Greatest monthly Least monthly 
Station Station Station Btation 
| 
In, | In. In. In. 
54.7 | +0.3 | Greensboro.........-. 85 3 3.49 | +0.08 | Bishop............-- 8. Mitchell Dam__......| 1. 56 
48.4 | —2.2 | 90 1 1.16] +.16 | 4 T 
49.3 | —2.0 | 3 82; 12 6.93 | +2.14 | Spring 11.51 | 2.75 
60.1 | —21 | 2 stations............. 91} 12 1.42 —. 92 eS ding....- 8. 8 stations._........... 
32.1 | —3.0 bor 81 2 1.01 +.23 | Wolf Creek Pass....| 3.44 | 2 stations............ 07 
‘dl 91 1 1.20} —.97 | 8.24 | 4 stations... .00 
54.5 .0 ll 3.73 | +1.10 | 7.76 | Brunswick........... . 55 
—43 1 2.03 6.72 | Mud -13 
40.2} —1.9 3 2.89 | +.30 | 6.03 | 
40.9) —L4 3 3.59 | +.55 | Newburg............| 5.69 | 195 
33.6 | —2.7 3 2.45 | +.84 | 4.19 | Mount Pleasant____. Lil 
40.4 | —2.8 2 2.66 | +1.37 | Sedan....._...._._.. 5.48 | Sharon Springs.......| .39 
45.8) —.6 13 3.70 | +.30| Bowling 5.87 | Jenkins_._...........| 1.46 
58.7 -.1 4 8.21 | +4.30 | Logans __......-| 20.85 | New Orleans......__. 1.21 
45.5 | +.3 4 4.98 | +243 Snow Hill, 6.70 | Mount Savage Sum- 
mit, Md. 
34.6 | —1.5 | South Haven__..._.._ 67 4 3.22; +.71 | 6.35 | Channing............ 
25.5 | —4.0 | St. Peter._......-.... 67 3 2.59 | +1.42 | Pigeon River Bridge.| 5.70 | Moorhead.........._. . 52 
54.3 —.7 | 4 5.64 | +2.02 | Holly 
42.2 | —2.1 | Marble 83 2 3.46 | +.77 LB 
25.2 | —6.9 | 2 68 2 1.13 | | 3.57 | Choteau. ........... 12 
33.6 | —3.6 | Falls City_........... 79 3 1.06 | +.30 | MeCool__..........-. 3.63 | Lodgepole__.......... a 
37.9 | —2.0 Alamo. 14 .52| —.11 | Lewers Ranch......| 2.02 | 00 
37.8 | —.2 | 2 stations._._......... .-| 74 5 5.90 | +2.44 | Portsmouth, R.I...| 84 | Burlington, Vt_...... 67 
43.5 | 76) 15 4.66 | +1.46 | 5.62 | Charlotteburg_..... . 60 
39.9 | —2.5 | Rodeo Airport....... 82 2 1.70 | +1.04 | Porter (near)_......- 5.60 | Shiprock............- -17 
38.0 .0 | Wappingers Falls....| 77 5 3.78 | +.78 | Cutchogme.......... 8.61 | Ithaca No. 2......... eo] 
50.1 | +.2 Fayetteville 83 4.19 | +1. 7.45 | Clintom.............. 1.07 
22.0 | —46 | New 59 1 . 59 .00 | 2 -17 
40.7) —.7 81 4 3.45 | +.74 | Wilmington......._- 4.74 | Bowling Green__.....| 1 
46.7 | —3.0 | Fort Supply Dam....| 83 4 4.75 | +2.69 | Idabel_............_. 8. 64 err ee 41 
37.1 | —3.3 | 76 9 3.27 | —.37 | 56 
41.3 .0 | Palmerton_.......... 78 5 4.04) +118 Rape Airway Sta- | 5.86 | Lawrenceville_....... 1,93 
n. 
53.8 84 1 4.13 | +1.78 | Newberry_.......... 7. 36 (near) 1.4 
23.3 | —48 75 3 -67 | +.05 | -06 
47.6 | —.9 | Union City.......... 82 3 3.52 | —.02 7.97 | Etowah.............. Léa 
54.8 | —2.3 | Rio Grande_......... 98 4 6.22 | +404 | Hempstead_........| 25.57 | Rio Grande.......... 12 
34.1 | —3.3 | 2 stations 73} 1.25 | +.32 Lake (Brigh- | 4.35 01 
m). 
47.1| +.5 83) 14 4.27 | +1.81 | Clarksville.......... 5.89 | 123 
35.8 | —3.9 | Startup__............. 70 | 26 3.97 | —.95 | Big Four_._......... 15.99 | Rock 
43.2 -0 | 2 stations_...........- 80 4 3.27| +.53 | Kearneysville....... 6.38 | Kenawha Falls......./ 1.20 
31.0 | —2.3 | 4stations__........... 68 3 3.35 | +1.49 | Stanley__........... 5.77 | Beloit................| 1.06 
26.6 | —4.9 | Torrington_.........- 75 2 -96| +.26 | Bechler River_...... 4.98 | 2 stations............. -7 
33.0 2.9 | View Cove........... 66) 18 3. 56 .00 | Latouche__.......... 34. 64 
73.1 t? 8 | 5 stations_............ 91) 13 7.04 | —.84 | Kukus (Mani) __.... 28.00 | Halaula (Kauai)... 112 
76.6) +.3 2 6.63 | —.40 | La Mina (El Yun- | 18.78 | Ensenada............ 191 


que). 
Other dates also. 
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11 
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SEVERE LOCAL STORMS 
[Compiled by Mary O. SoupEr from reports submitted by Weather Bureau officials] 


[The table herewith contains such date es hes been received concerning severe Joos) storms that occurred during the month. A revised list of tornadoes will appear in the United 
States Meteorological Yearbook] 


Place 


Width 
of 


Value of 


destroyed 


Remarks 


Washington, western portion 
of the State. 


South Dakota, eastern sec- 
tion. 


Nebraska, south - central and 
southeastern portions. 


Leota to Hollandale, Miss., 
and vicinities. 
Crocket Mills and Dresden, 


Tenn. 
Illinois, entire 


Indiana, entire State... 

Davenport, Iowa, 1 mile west 

Iowa, western and northern 
portions. 


Michigan 


New western and 
central portion of the State. 


Wisconsin, entire State ex- 
cept the far northeast. 


to Curry Counties, 
Mex. 

Illinois, northern half of State_ 

Ouachita County, 


10-11 


10-12 


ll 
ll 
ll 


ll 
ll 
ll 


11-12 


11-12 


11-12 


1:10 a. 
About 2a.m._ 
4:15-5 a. 


1 100-200 


$6, 000, 000 | Wi 


1, 500, 000 


50, 000 
200, 000 
160, 000 

2, 000, 000 


200, 000 
3, 000 
500, 000 


27-28 


10, 000 


Vibration from wind caused the destruction of the central span of the 
Narrows Bridge at Tacoma. The maximum wind velocity was recorded 
at 31 miles per hour. 

High northwest winds, over 40 miles an hour, accompanied by drifting 
snows of blizzard proportion and zero visibility at times. Subzero tem- 

peratures snappeu ice-coated communication lines, locked highways, 
Fralled railroad trains, caused cancelation of Armistice Day programs. 
closed schools, and marooned travelers. es turkeys, chickens, an 
pheasants were frozen to death where shelter was lacking. 2 deaths due 
to severe weather. 

This storm was preceded by freezing rain over the south-central and south 
eastern portions. Estimated loss to rode 5 and other livestock was 
$200,000. Many fruit and shade trees inj by the severe freeze, which 
came while most of the leaves were still green. Many roads and highways 
the northeastern portion of the State, but were soon 
open 

The storm benen s with drizzling rain during the afternoon of the 10th and 
changed to glaze and sleet on the seotaten, of the 11th when the tempera- 
ture drop to the freezing point. Several hours later precipitation 
was entirely in the form of snow which continued through the — 
of the ith and throughout most of the 12th with strong northerly 
westerly winds that drifted the snow badly. The cold wave that’! Pi 
lowed in the wake of the storm caused much suffering and was very 
destructive. Hundreds of automobiles were abandoned in deep snow 
drifts, transportation facilities were at a standstill, and many persons 
unable to reach their homes. Train, bus, airplane, and street car service 
interrupted from the afternoon of the 11th to the afternoon of the 14th, 
and some services were not fully restored until the 16th. There were 
many miles of snow-drifts. In the Willmar area, drifts as high as 20 feet 
were reported. Highway traffic was blocked generally throughout the 
area affected. This condition improved very slowly. Some side roads 
were not open to traffic until near the close of November. Most serious! 
affected by the storm were the turkey farms, overhead wire systems, an 
the State highway department. Turkey losses were estimated at $500,- 
000. Og yk of _ birds as well as much livestock and poultry 
perished. The total loss from the storm and cold wave is estimated at 
over over Fi 500, 000, bat the economic loss from delayed traffic of all kinds, 

es and loss to business was much greater. Schools were closed 
sev: Numerous accidents resulted from poor visibili 
Many of the 49 persons who lost their lives were duck hunters, who, li 
others, were caught Gugetpeed by the sudden storm and cold =r. 
Undoubtedly this this storm will go down into meteorological history as the 
most severe ever experienced during November in the State. 


.| Damage to buildings, household , trees and livestock; public utility 


service disrupted. 
Property damaged; 7 persons injured. 


Property damaged; several persons slightly injured. 


bahay property op ie $1,500,000, at Chicago alone. From 75 
persons injured highest wind velocity, 46 miles per hour, at 
Hneneld, was the highest ever recorded for November at that = 
. Bu w jam: persons 
moved nort caused property damage along a 7-miles 


heaviest snowfall, amounting to 17 inches, was recorded at Pringhar. 
High winds blew steadily in excess of 30 miles an hour for souskderable 
of time with some gusts exceeding 50 miles an hour, causing snow 
to drift he vag interfering with rail and highway traffic. There was 
considerable age to power and communication lines. Many high- 
ways blocked with Paolo loss to motorists generally as well as to 
commercial truck operators. Thousands of vate —_A’ = 
frozen radiators. There were several automobile accidents caused b aa ine 
storm and numerous cars were stalled in drifts. Buses ran ind 
schedule. Rail travel delayed, some trains 
With the exception of the storm of November 9-10, 1913, this was the most 
disastrous and widespread wind storm in the history of Michigan or Lake 
Michigan. The jonger ships with loss of life are the Novadoc with a loss 
of 2 lives; the Mi loss of 24 lives; the Davock, a 7,200 ton freighter, 
loss of 33 lives. The Novadoc, grounded near Pentwater and the remain- 
ing crew of 17 was safely removed by the fishing tug Three Brothers 
under command of Mr. Clyde Cross. The rescue was pointed out as an 
unusually heroic effort on t of Mr. Cross and his ccuiptante. Other 
ic rescues were made by both fishermen and Coast Guard. Inland 
property damage including buildings, communication and power lines, 
and signboards. Automobiles had to slow down in order to De 
from being blown from highways. Deer hunters headed from the Up: 
Peninsula were stranded at the Straits until the storm subsided 
wind of such terriffic force from the southwest that it blew sufficient oun 
out of the Saginaw River and the Saginaw Bay to cause the lowest reading 
of record at the official river at Saginaw. ‘The depth of the water in 
the river was reduced by 8 feet during the blow and reports point out that 
the water line receded as cone as a mile in Saginaw Ba iz. xtreme wind 
velocities from 36 miles at Sault Ste Marie, M to 80 miles at 
Grand Rapids and 56 miles at Detroit. Total damage estimated in 


Wind reached gale force with considerable damage locally mostly to tele- 

—_— and power lines, caused by falling trees and branches. Minor 
amage to windows and signs. Damage in Buffalo and vicinity esti- 
mated at $10,000. 2 girls seriously injured by falling tree. 

Maximum wind velocity of 54 miles per hour from the southwest was re- 
corded 4 separate times in Milwaukee. There was much suffering among 
as hunters, many losing their lives ‘through being marooned on islands 

because of high winds and waves on inland waters and subsequent ex- 

and freezing as the temperature dropped rap came & 2 died in Wau- 

— County and it is estimated that ny - 20 were lost on the Missis- 
i River between St. Paul and du Chien, Wis. A man was 

ti by a falling wall in Milwaukee. Much damage to utility wires. 

Considerable damage to overhead lines in the extreme eastern portion of the 
State. No estimate of damage available. 

Moderate damage to trees, telephone and power lines. Damage in De Witt 
County alone $10,000. 

Loss in mature crops, $500; for suspension of business, $500. 


1 Miles instead of yards. 


Date | Time | | of life | Character of 

ing rain. 
Ii «649 | Glaze, sleet, snow 
wind, and cold a 
wave. 

Huntsville, Tex.............. Straight-line-wind 

Blizzard... ......-- 

millions of dollars 2 
10,000 | Sleet and ice_.__.. Ce 

000 | Heavy rain and 

flood. 
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SOLAR RADIATION AND SUNSPOT DATA FOR NOVEMBER 1940 


SOLAR RADIATION OBSERVATIONS 
By Heten 


Measurements of solar radiant energy received at the 
surface of the earth are made at 9 stations maintained 
by the Weather Bureau and at 10 cooperating stations 
maintained by other institutions. The intensity of the 
total radiation from sun and sky on a horizontal surface 
is continuously recorded (from sunrise to sunset) at all 
these stations by self-registering instruments; pyrhelio- 
metric measurements of the intensity of direct solar radia- 
tion at normal incidence are made at frequent intervals on 
clear days at two Weather Bureau stations (Madison, 
Wis.; Lincoln, Nebr.) and at the Blue Hill Observatory at 
Harvard University. Occasional observations of sky 

larization are taken at the Weather Bureau station at 

adison and at Blue Hill Observatory. 

The ig et: coordinates of the stations, and descrip- 
tions of the instrumental equipment, station exposures, 
and methods of observation, together with summaries of 
the data obtained, up to the end of 1936, will be found in 
the Monraty Weatuer Review, December 1937, pp. 
415 to 441; further descriptions of instruments and 
methods are given in Weather Bureau Circular Q. 

Table 1 contains the measurements of the intensity of 
direct solar radiation at normal incidence, with means and 
their departures from normal (means based on less than 3 
values are in parentheses). At Lincoln the observations 
are made with the Marvin pyrheliometer; at Madison 
and Blue Hill they are obtained with a recording thermo- 
pile, checked by observations with a Smithsonian silver- 
disk pryheliometer at Blue Hill. The table also gives 
vapor pressures at 7:30 a. m. and at 1:30 p. m. (75th 
meridian time). 

Table 2 contains the average amounts of radiation 
received daily on a horizontal surface from both sun and 
sky during each week, their departures from normal and 
the accumulated departures since the beginning of the 
year. The values at most of the stations are obtained 
from the records of the Eppley pyrheliometer recording 
on either a microammeter or a potentiometer. , 

The supervising station for the Solar Radiation Investi- 
gations of the Weather Bureau was moved on November 1, 
1940, to the Harvard Blue Hill Meteorological Observa- 
= at Milton, Mass., where it is thought mutual benefit 

ill result through cooperation with the many other re- 


search workers in solar studies in and around Boston. 
Moreover, it is thought that the skies at Blue Hill will 
be somewhat better than those in the suburbs of 
Washington, D. C. 

Some extension of the work of the Solar Radiation In- 
vestigations Section will occur, notably the addition of 
studies of certain component radiations, a careful check 
on all radiation apparatus in use by our own and cooper- 
ating stations, the addition of new equipment at Weather 
Bureau stations already established, and an attempt to 
improve existing apparatus. It also is expected that much 
closer cooperation will exist with other institutions and 
individuals engaged in similar work. 

Difficulties at Twin Falls, Idaho, have been straightened 
out, and radiation data for several months at that station 
will be found later in this report. 

Total solar and 7 eee was below normal at 
Washington, D. C., in Falls, and Blue Hill, while it 
was practically normal at all other stations. 

There was only one polarization measurement at 
Madison, Wis., on November 25, giving a value of 
62.7, compared with a mean for the month of 66 and a 
maximum of 69. 


TABLE 1.—Solar radiation intensities during November 1940 
[Gram-calories per minute per square centimeter of normal surface] 


Sun’s zenith distance 


7:30 | 29.70 rr 60.0° | 0.0° 70.7° | 75.7° | 78.7° | 3:30 


a.m. 
Air mass Local 
Date 75th mean 
mer. solar 
time A.M P.M time 
e 5.0 | 40 | 30 | 20 | 10] 2.0 | 30 | 40 | 5.0 e 
mm. | cal. | cal. | cal. | cal. | cal. | eal. | cal. | cal. | cal. mm, 
MADISON. WIS. 

November 13.| 1.37 | 0.84 | 1.06 | 1.16 1.56 1.52 
November 25.| 2.36 | .76| .95 1.14 3.00 
Means. -86 | 1.02) 118 1.62 
onions 02 +. 62 |+.02 01 

* Extrapolated. 


TABLE 2.— Average daily totals of solar radiation (direct + diffuse) received on a horizontal surface 
[Gram-calories per square centimeter] 


Wash- | Madi-| Lin- | Chi- | New New- | Fair- | Twin New | River-| Blue | Cam- | Friday Albu- 
Week deginning—| ington | son | coln | cago | York | ‘port | banks| Falls | Jolla | Miami! Orieans| side Hill | bridge | Harbor | | querque 
October 29__.__.-. 205 156 322 214 58 178 363 268 306 338 202 201 368 
November 5___.__. 208 125 Ee Mt i76 299 180 40 156 310 319 230 314 146 157 | =Saaee 352 
November 148 235 70 251 97 16 222 23 368 308 226 71 64 401 
November 19___.-_ 178 122 es 145 237 164 14 145 296 321 200 285 154 146 | Seo 179 
November 26...-.. 166 109 grt tae 136 223 170 21 146 301 298 238 284 173 166 yy RE 

DEPARTURES FROM WEEKLY NORMALS 
October 29... —25 —20 +17 —41 +39 —47 9 +29 
November 5__.__ .. —18 —43 +17 —6 +12 3 —50 +14 +12 j........ 
November +484) +448 -61 -37/ +652 —59| +34 +77 | —62 
November 19__.... 17 —6 +15 -li +12 —48; +9; 
November 26_..... —16 20 +12 +7 +27 49 +12 +22 +10 —34 = 
ACCUMULATED DEPARTURES ON DECEMBER 2, 1940 
+5, 761 |+-5, 887 +9, 534 | —714 |—1,999 |+5, 236 —3, 829 |—2, 702 |+11,097 


N 


| 
| 
Ne 
No 
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LATE DATA POSITIONS, AREAS, -~ COUNTS OF SUN SPOTS~—- 
ntinued 
The following total solar and sky radiation rep- 
resent late data for the stations at Blue Hill, Massa- Heliographic 
chusetts; Fairbanks, Alaska; and Twin Falls, Idaho, for mati! ae 
ard ence | Lati-|from | or | cunt ty 
Blue Hill Fairbanks Twin Falls time in | pede | tude | cen- jgroup 
Week of— tude “disk 
Observa-| Depar- | Observa-| Depar- | Observa-| Depar- : 
tion ture tion ture tion ture 190 Ye. 
T Nov.5...|11 8| 7030|—45| 6 @ | 
211 7030 | ~39| 12 73| 
406 7029| -36| 6] 1 
397 7031} ~16| 35/410) 18| 12] 1 
526 +132 7022; 50/415/ 13| 12] 1 
239 —110 7022|+15| 66/+14/ 12 
564 +98 7023 33) 2 
518 +s 7028} +40) 91| 40] 12] 6 
| +105 (81)| (+4) 296 | 42 
668 +87 Nov.6..| 13 4| 7034] -s3| 83] 2/ G Do. 
635 —10 7030} —31| 6| +7| 48| 7 
621 +22 7030 | -26} 11 7| 97| 12 
643 +45 7033 | —22| 15/416; 25| 1 
719 +112 7031|—2| 35/410) 6| 1 
633 +17 7032 |+27| 64| —1| 27| 48| 4 
634 +161 7022} 66/412) 97| 7 
673 +115 7025| +33) 70| -—8| 35| 4 
509 7023 | -8| 47| 6 
(37)| (+4) 495 | 44 
353 —120 Nov.7...|11 7035|—77| 907| +7| 77| 12] F Do. 
383 7034 | —70| 71| 97| 1 
387 -21 7030|-17| 7| +7] 
350 —4 7032} +40} 64| O| 41| 4 
380 +31 7022) 65/413) 42| 73| 4 
154 7023| +50) 83| 1 
(2) | (+4 461 | 31 
Nov.8...| 1 7038 | —86 | Vo | Me. witson. 
POSITIONS, AREAS, AND COUNTS OF SUN SPOTS 308 +7 36 
Communicated by Capt. J. F. Hellweg, U. 8. Navy (Ret.), Superintendent, U. S. Nava sia til 
tory from plates taken at the observatories indicated. Difference in longitude is meas- 7030| +5| 16) +9 5| 448 2 
ured from the central meridian postive toward the west. Latitude is positive toward 7032 | +54] 65 0o| &!| 7 5 
misp le or eac ay, under iongi ie, ie, area spot or group, spot px 
count, are included assumed longitude of center of the disk, assumed latitude of center was | +72 bad . sd a : 
of the disk, total area of spots and groups, and total spot count. 
(11); (+4) 616 | 
eliographic Nov.9...| 11 7088 | —72| 4+8| 72] 48 G U.S. Naval. 
7037 | —68 | +16) 69 | 4 
Date | stand- | Wilson) ‘for. tance| spot | SP°t | qual-| Observatory 7036 | —38| 320| +7| 38| 15 
| ence | | Lati- | from count) (*) 1 
time | | in | | tude | cen- | group 8| +8| 6 
lo ter of 7030} 17| 38 
tu disk 7022 7 
1940 hm e ° (358)| (+3) 48 
Nov.1...| 10 48| 7022| -44| 45| 267| 12| G | U.S.Naval. 
| | Nov.10 | 11 6 | -70| 375) 70) 6) 1| | Mt. Wilson, 
7021} —3| +13| 48| 9 | asl orl 
7036 | —24 | 321| +7| 436) 16 
(104)| (+4) 460 | 33 els 
| 412| (345)| (+3) 77 | 42 
7027 | +44 | 135 3 
7026 | +56| 147| -8| 57| 2%) 2 1 7] | Newel 
(91)} (+4) 435 | 38 7035 | —20| 312) 73 
sisal u 7036 | —11| +7| 12] 23 
7025|-11| 66| 16! 97/| 13 | desl Bi 
147/-17| 73| 4) 3 (332)) (+3) 47 
(77)| (44) ale Nov. 12..| 12 | 65 | 258) —16) 48) 1) F | Mt, Wilson. 
Nov. 4... 10 45| 7080/ 7/ 57 13/ G Do. 7046} -17| 301|-12| 22) 7 
7020 | 2 7035} —6| 312| +8| 8| 73| 
7022} —7| 87| +16; 12] 1 7034} —2| 316|/-11| 14] 1 
7022} 65/414) 45/ 21 7043 | 6] 1 
7025| +83! 67/ -7/ 73] 7036 +8| 412| 16 
7028 | +22} +8| 22/ 12] 1 7045 2 “| 2 
7027 | +70| 134| +10} 70| 5 7030} +61} 19| 61) 12) 1 
(64); (+4) 442 | 45 (318)! (+3) 44 
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POSITIONS, AREAS, AND COUNTS OF SUN SPOTS—Con. 


Heliographic Heliographic 
East- 
ern | Mount Area Plate East- | vount Area 
, Dif- Dis- | of ern Dif- Dis- | of Plate 
stand- | Wilson x Spot | qual- Wilson 8 
Date group = Lon: | Lati- count| ity Observatory Date group fer- | ron. tance | spot A a -| Observatory 
time | No. gi- | tude | Dp time | gi. cen- 
longi-| ter of |" longi-| “de ter of 
tude tu disk 
1940 hom ° 1940 h ° ° ° 
Nov. 13..| 12 7049) —74| 231/—11] 75] 48 | Mt. Wilson. Nov. 22..| 10 42| 7057 | —13| 174) 48 6| G | U.S. Naval. 
7044 | —52| 253/-16| 48 1 7057 | —11 | 48 3 
- ov. 23..|10 33] (*) —70 | 104 | +12 6 G Do. 
7036 | +17 +8| 18 20 a 
(305) (+3) 896 | 74 (174)| (+2) 242 16 
Nov, 14..| 13 7] 7049] —50| 232} 61 1/ P Do, Nov. 24..! 11 35 | 7061 | —53 107| +13] 54] 97] 10| VG | Mt. Wilson, 
- 
160. 2 412 
7034 | +25 | 316) —-10| 28| 48 1 (+2) 
7035 | +27| 318; +8] 28] 24 6 Nov. 25..| 13 12] 7062} —77| 78] 485 1] Do. 
7036 | +32 | +8 32 | 242 12 7961 | —38 | 108 | +-13 40; 121 6 
(291)| (+3) 737| 61 
_Nov. 12 4 G | U.S. Naval. (146)| (+2) 045 2 
7044 | —24| 255) -17/ 31] 48 1 Nov. 26..| 13 49 | 7062|—62/; 71/+14| 63] 339 Do. 
7048 | —9| 270; -13} 19] 485/ 12 7061 | —25| +12] 27] 121 6 
(*) —2| 277} 12 1 7057 | +44 | —12| 47] 194 8 
7047 | +22 = = 7060 | +54 | 187) —7 55 | 97 4 
ron | | a] (133)} (+1) 751 | 19 
7035 | +41 | 320; +8] 41] 48 6 Nov. 27..| 10 29| 7062) —50| 71| + 52 | 291 1] P | U.S. Naval, 
7036 | +48 | 327) +8] 48] 194 1 7061 | —13 | 108 | +11 16| 97 6 
6..| 10 38| 7053 | —75 77 va Do. 
7051 | —60 | 63] 2 1 (121)| (+1) 630 | 
7049 | —33 | 233} 73 1 Nov. 28..| 10 48 | 7062} 39] 291 Do. 
7044 | —11 | 255 | —17 22 48 1 7061 —1| 107) +11 9 48 4 
7048 | +3 | 269/-13] 21 7064 | 140 33 | 24 7 
7052 | +11 | 277; 15) 12 7063 | +33 | 141| 35] 97 5 
7057 | +71 | 179| —12| 72] 48 4 
7034 | +51 | 317|—11| 54| 61 4 (108)} (+1) 508 | 27 
7036 | +61 | +9 61 | 194 1 Nov. 29..| 10 57 = G Do. 
(206)) (+3) 7063 7 | +13 48 | 218 6 
7051 | —45 = -12| 48/ 7 (95)| (+1) 605 | 19 
7056 | —20 30/ 12 Nov. 30..| 10 16 | 7062|—10|} 72| +12] 15] 242 4| F Do. 
7049 | —19 | 233 | —11 24 73 2 7063 | +60} 142 | +13 60 | 242 6 
+8 7064 | +60 | 142 +11 48 1 | 
7044 | +2 —17| 2; 2 (82) | (+1) 11 
7048 | +18 —13 | 485 
7052 —7| 12 Mean daily area for 30 days=663 
7047 | +45 +18} 46 | 145 
1 = Not numbered. 
: VG=very good; G=good; F=fair; P=poor. 
7036 76 
= PROVISIONAL RELATIVE SUNSPOT NUMBERS FOR 
(252)| (+3) 1,479 | 35 OCTOBER 1940 
= ¥ Dependent on observations at Zurich except as otherwise noted. Data 
7053 | —47 | 190} —-12|) 49) 7% 1 through the courtesy of Prof. W W. load, Eidgen. Sternwarte, Zurich.} 
7051 | —31 | 206/—12] 33] 24 3 
October Relative October Relative cto tive 
7044 | +15 | 262) 24] 24 5 
704s +3 270 ; 13 36 436 15 1940 numbers 1940 numbers 1940 numbers 
7047 | +67 | +18] 291 1 38 ...- b 64 
+80 | 317 | —11 80 12 1 abd 77 Ec 74 
(237)) (+2) 1,193 | 37 72 || 68 
Nov. 19..| 11 13 7os7 4 a Do. 66 |} (a) 
7059 | +21 | 247| +17} 26| 24 2 Mcdd 44 || 16___--- * a 62 || 26____- * Mc 46 
7048 +49 275 | —15 51 242 1 8 18 28 ss 48 
7047 | +80 | +18 80] 242 1 61 || 29____- 40 
(226)| (+2) 822} 15 57 67 || 30____- *46 
Nov. 20..| 11 38] 7057| —40] 173|—12] 42] 48 5| F Do. 
7057 | —36| 177] -—9| 38] 97 3 38 
| Sel Mean, 25 days=53.6 
(213)| (+2) 399 12 a=Passage of an average-sized group through the central meridian. 
e Ga D b=Passage of a large group through the central meridian. 
Nov. 21..| 11 46 | 7057 | —27| 173} —-12/ 30) 73 ; 0. c= New formation of a group developing into a middle-sized or large center of activity: 
on the eastern part of the sun’s disk; W, on the western part; M, in the central-circle 
+75 | 275 | 77 | 194 2 of a large or average-sized center of activity on the east limb. 
(200)| (+2) 388 | 11 * Observed a! 
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